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1.  Introduction 


The  program  to  develop  two  bipolar  monolithic  integrated  circuits  was  initiated  in  1976  by 
Honeywell,  Defense  Systems  Division,  in  an  independent  development  program.  One  of  the  mo- 
nolithic integrated  circuits  was  designed  as  a replacement  for  the  interface  hybrid  microcircuit, 
PN  10990455.  The  other  monolithic  integrated  circuit  would  be  used  in  a cost-reduced  hybrid 
microcircuit  oscillator  to  replace  the  10-kHz  hybrid  microcircuit  oscillator,  PN  11711427.  Com- 
pletion of  the  development  effort  was  included  as  a task  in  contract  DAAG39-77-C-0056  for  the 
DT/OT-U  quantity  of  XM587E2  and  XM724  electronic  time  fuzes. 

The  development  of  two  bipolar  monolithic  integrated  circuits  and  a low  cost  10-kHz  Tape  Auto- 
matic Bonded  (TAB)  Hybrid  Microcircuit  Oscillator  (HMO)  comprised  the  following  areas:  (1) 
design  and  fabrication  of  two  monolithic  integrated  circuits;  (2)  electrical  testing  of  the  two  inte- 
grated circuits;  (3)  design  and  fabrication  of  the  prototype  10-kHz  TAB  HMOs;  (4)  electrical  and 
environmental  testing  of  the  prototype  TAB  HMOs;  (5)  fabrication,  electrical  testing,  and  envir- 
onmental testing  of  TAB  HMOs  utilizing  the  phase  II  monolithic  amplifier. 

2.  Program  Objective 

The  primary  program  objective  was  to  reduce  the  production  cost  of  the  existing  two  hybrid  cir- 
cuits for  the  XM587E2  and  XM724  electronic  time  fuzes,  through  the  use  of  silicon  monolithic 
technology  to  replace  the  individual  device,  chip-and-wire  assembly  techniques  presently  em- 
ployed in  these  two  hybrid  circuits. 


3.  Detailed  Description 

3. 1 DESIGN  AND  FABRICATION  OF  MONOLITHIC  INTEGRATED  CIRCUITS 

3.1.1  General 

The  interface  monolithic  integrated  circuit  die  topology  and  the  circuit  schematic  are  shown  in 
figures  1 and  2,  respectively.  The  interface  circuit  was  tested  at  room  ambient.  Some  limited  tem- 
perature testing  was  performed,  but  the  effort  was  terminated  prior  to  complete  testing  because 
the  parasitic  voltages,  even  at  ambient  temperatures,  were  considered  excessive.  The  following  is 
a list  of  problems  isolated  prior  to  termination  along  with  planned  solutions.  References  are  made 
to  the  monolithic  interface  specification  11711670,  which  is  contained  in  appendix  A. 

After  completion  of  a worst  case  analysis,  the  layout  was  initiated.  Nickel  silicide  Schottky  diodes 
were  selected  to  float  the  substrate,  rather  than  the  standard  platinum  silicide  diodes,  to  mini- 
mize the  forward  drop.  Processing  problems  were  encountered  and  attributed  to  the  nickel  sili- 
cide. The  manufacturer  decided  that  it  would  be  too  costly  to  develop  the  nickel  silicide  process; 
therefore,  a lot  of  parts  was  fabricated  with  the  standard  platinum  silicide  Schottky  diodes. 

Ten  parts  were  fabricated  and  subjected  to  evaluation.  As  anticipated,  firing  the  silicon  con- 
trolled rectifier  (SCR)  resulted  in  catastrophic  failure  and  would  have  to  be  eliminated  by  metal 
mask  changes.  The  circuit  was  functional  in  the  XM587  system  (exclusive  of  the  SCR);  however, 
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parasitic  voltages  at  pins  which  should  have  been  low  were  considered  excessive.  Design  changes 
were  proposed  which  should  clamp  these  parasitic  voltages  to  a predictable  and  acceptable  value; 
however,  the  effort  was  terminated  as  sufficient  progress  had  been  made  by  the  Harry  Diamond 
Laboratories  (HDL)  in  an  alternative  design  using  dielectric  isolation. 

3.1.2  Details 

The  interface  circuit  was  tested  at  room  ambient.  Some  limited  temperature  testing  was  per- 
formed, but  the  effort  was  terminated  prior  to  complete  testing  because  the  parasitic  voltages, 
event  at  ambient  temperatures,  were  considered  excessive.  The  following  is  a list  of  problems 
isolated  prior  to  termination  along  with  proposed  solutions.  References  are  made  to  the  mono- 
lithic interface  specification  11711670,  which  is  contained  in  appendix  A. 

1)  Arsenic  resistors  were  designed  assuming  a 6-Vdc  breakdown.  Normally,  the  voltage  across 
the  arsenic  resistors  in  typical  designs  are  a few  tenths  of  a volt.  The  6-Vdc  limit  was  based 
on  the  lowest  expected  breakdown  from  available  processing  information.  Based  on  inter- 
face test  results,  the  resistors  had  an  actual  breakdown  voltage  of  5.4  Vdc,  and  two  resistors, 
R3  and  R16,  were  proposed  for  redesign  to  accommodate  this  lower  breakdown. 

2)  Resistor  R3  was  designed  as  a floating  resistor  to  accommodate  testing.  This  resistor  would 
have  to  be  tied  down,  and  the  testing  would  have  to  be  modified  because  interface  testing 
results  indicated  a parasitic  SCR  could  result  from  this  floating  resistor.  The  parasitic  ac- 
tion would  not  occur  with  R3  tied  down. 
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Figure  1.  Interface  monolithic  integrated  circuit. 
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3)  The  interface  circuit  failed  the  CSA  test.  (See  table  1 of  11711670  in  appendix  A for  explora- 
tion of  tests.)  The  3.0  Vdc  on  pin  5 was  insufficient  to  turn  on  the  current  source  formed  by 
Q18  and  Ql9resulting  in  less  than  the  minimum  current  of  1.05  mA  dc.  When  the  voltage  at 
pin  5 was  increased  to  9 Vdc,  the  current  source  turned  on  and  was  measured  1.5  to  1.6  mA 
dc,  which  was  within  specification. 

The  problem  has  been  caused  by  R51,  a 10-kfi  resistor  placed  between  the  collector  of  Q19 
and  the  emitter  of  Q18.  This  resistor  was  added  to  provide  a current  path  for  diode 
QCR11  during  test  V16A.  The  10-kSi  was  to  be  removed  and  test  was  to  be  modified  to 
include  an  external  10-kft  resistor  from  pin  16  to  pin  5.  This  should  have  eliminated  the 
problem  allowing  the  circuit  to  pass  both  V16A  and  CSA  tests. 

4)  The  interface  circuit  failed  test  CSB.  The  specified  maximum  current  level  of  3.05  mA  dc 
was  exceeded  by  0.7  mA  dc.  This  test  includes  the  initializer  circuit  current  drain  not  in- 
cluded in  the  3.05  mA  dc  maximum  limit.  The  specification  could  have  been  corrected  by 
increasing  this  maximum  current  to  4.15  mA  dc. 

5)  The  interface  circuit  failed  test  IR50.  This  problem  is  the  same  as  the  above  because  the 
maximum  current  specified  did  not  include  the  initializer  circuit. 

The  test  for  IR50  can  be  modified  to  use  two  power  supplies,  one  on  pin  13  and  one  on  pin  1. 
These  supplies  would  operate  so  that  QCR2  is  reverse  biased  allowing  initializer  current  to 
flow  into  the  supply  at  pin  13  and  R50  current  to  flow  into  the  supply  at  pin  1.  This  prevents 
the  initializer  load  from  masking  the  presence  or  absence  of  R50.  This  test  change  should 
allow  the  interface  to  pass  test  IR50. 

6)  The  interface  circuit  passed  V9A,  V9B,  and  V9C,  marginally.  The  3.6-Vdc  minimum  was 
met,  but  the  ratio  of  R45  and  R46  should  be  modified  to  assure  meeting  this  requirement 
over  production  tolerances. 

7)  The  interface  circuit  passed  V9B.  The  same  comments  from  the  above  also  apply  here. 

8)  The  interface  circuit  failed  test  V8AD  (required  min  1.0  Vdc,  actual  0.9  Vdc)  due  to  high 
resistor  value  or  to  high  collector  to  emitter  saturation  voltage.  The  effort  was  terminated 
prior  to  determining  the  exact  problem  cause.  This  also  applied  to  test  V8BD.  Test  V8BD 
passed  only  marginally,  and  modifications  to  the  resistor  or  transistor  would  be  required. 

9)  The  interface  circuit  failed  test  V16A.  This  failure  was  due  to  leakage  currents  resulting 
from  the  Schottky  floated  substrate,  but  they  should  have  no  effect  on  circuit  performance. 
The  specification  would  require  a modification  to  allow  passing  this  test. 

10)  The  circuit  failed  test  V13B.  The  required  min  was  -26.0  Vdc,  and  the  actual  min  was 
—25.7  Vdc.  The  diode  QCR11  would  have  to  be  increased  in  size  to  meet  this  requirement. 

11)  The  circuit  failed  test  V3A.  This  test  establishes  the  maximum  voltage  that  can  be  reached 
on  the  firing  capacitor  prior  to  arming  and  is  the  main  reason  for  terminating  the  interface 
effort.  The  fuze  system  holds  an  approximately  1-kfi  load  on  the  capacitor  prior  to  arming. 
With  this  1-kfl  load,  the  parasitic  level  for  V3A  was  approximately  -200  mVdc.  Without 
the  1-kfl  load  (as  specified),  the  voltage  increased  to  -1  to  -2  Vdc. 
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The  voltage  was  caused  by  leakage  current  due  to  the  Schottky  floated  substrate.  This 
leakage  current  was  1.6  and  3.8  pA  dc  at  71°  and  125°C,  respectively.  The  firing  capacitor 
does  not  have  a 1-kfi  load  for  approximately  0.5  s during  the  setting  cycle,  which  would 
result  in  a capacitor  voltage  of  360  mVdc  at  71°C.  This  is  not  a predictable  leakage  current 
and  may  vary  considerably  from  lot  to  lot.  This  voltage  could  be  actively  clamped  by  a 
transistor  to  provide  a predictable  voltage  level  on  the  order  of  0.3  Vdc;  however,  the  pro- 
ject was  terminated  due  to  acceptable  progress  on  the  competitive  interface  effort. 

12)  The  SCR  would  have  to  be  placed  off  chip  to  handle  the  heavy  currents. 

In  summary,  the  basic  design  approach  of  using  low  drop  Schottky  diodes  to  float  the  device  sub- 
strate results  in  excessive  parasitic  voltages.  These  could  be  eliminated  by  implementing  the 
same  design  with  a conventional  dielectrically  isolated  process;  however,  the  chip  cost  would  be 
more.  The  Schottky  float  approach  had  not  been  previously  attempted  and,  if  acceptable,  would 
have  been  a most  effective  approach. 

The  possibility  of  fabricating  this  design  with  a dielectric  isolation  process  should  be  investigated. 
With  this  process,  it  is  conceivable  that  all  components  could  be  placed  on  chip,  resulting  in  a low 
cost  device. 

3.2  DESIGN  AND  FABRICATION  OF  MONOLITHIC  AMPLIFIER  INTEGRATED  CIRCUIT 

The  monolithic  amplifier  characteristics  shown  in  figure  3 were  based  on  a worst  case  analysis  of 
the  twin-T  network  combined  with  the  oscillator  hybrid  circuit  required  performance.  On  a worst 
case  basis  over  temperature,  the  twin-T  network  can  contribute  a frequency  error  of  approxi- 
mately 40  Hz.  This  provides  a total  allowable  amplifier  error  of  approximately  18  Hz  in  order  to 
remain  within  specification.  This  18-Hz  figure  was  utilized  to  establish  the  monolithic  amplifier 
characteristics. 

The  shaper  circuit  of  figure  4 provides  the  rise  times  required  to  interface  with  the  complemen- 
tary metal  oxide  semiconductor  (CMOS)  scaler.  Also,  hysteresis  is  provided  to  prevent  chatter  at 
the  switch  point. 

Figure  5 is  a plot  of  the  twin-T  network  feedback  attenuation  versus  frequency  for  the  twin-T  net- 
work shown  in  figure  6.  The  three  plots  are  calculated  for  nominal,  minimum,  and  maximum 
twin-T  network  attenuations.  The  phase  shift  across  the  twin-T  network  anywhere  on  these  plots 
is  180  deg.  Therefore,  as  long  as  the  amplifier  gain  is  equal  to  or  greater  than  the  twin-T  network 
attenuation,  oscillations  can  exist.  Figure  4 is  a schematic  of  the  amplifier. 

The  amount  of  change  in  frequency  of  oscillation  versus  a change  in  phase  through  the  monolithic 
amplifier  is  greatly  reduced  as  the  trim  point  forces  the  twin-T  network  into  regions  of  increasing 
loss.  A compromise  is  necessary  since  increasing  twin-T  network  loss  requires  higher  amplifier 
gain,  which  results  in  errors  due  to  excessive  phase  shift  at  the  operating  frequency.  A minimum 
gain  of  35.5  dB  was  selected  for  twin-T  network  trimming  as  the  optimum  compromise,  allowing 
2 deg  of  amplifier  phase  shift  at  the  operating  frequency,  resulting  in  a sensitivity  of  frequency 
drift  due  to  amplifier  phase  shift  of  approximately  8 Hz/deg  phase  shift.  These  parameters  assure 
meeting  oscillator  hybrid  circuit  performance  characteristics  over  temperature  for  worst  case 
considerations. 
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I.  Monolithic  amplifier  circuit. 


Schematic 
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Figure  6.  Twin-T  network  schematic  diagram. 


The  amount  of  excess  gain  also  effects  stability,  but  instability  is  held  to  an  insignificant  level  by 
limiting  the  amount  of  excess  gain.  This  is  limited  by  trimming  the  twin-T  network  until  oscilla- 
tions cease,  which  indicates  that  the  amplifier  gain  is  just  slightly  less  than  the  twin-T  network 
attenuation.  A ground  path  then  removed  from  the  integrated  circuit  increases  the  gain  by  1.5 
dB.  This  1.5-dB  excess  gain  has  been  shown  to  be  adequate  to  assure  start-up  without  affecting 
stability. 

3.2.1  Phase  I.  Monolithic  Amplifier  Integrated  Circuit 

The  monolithic  amplifier  is  a 1.6  X 1.9  mm  (63  X 75  mil)  bipolar  monolithic  integrated  circuit. 
The  die  topology  is  shown  in  figure  7.  Conventional  bipolar  processing  is  utilized  to  fabricate  the 
monolithic  amplifier,  with  the  exception  of  an  ion  implant  step  to  obtain  the  resistors.  Production 
should  not  present  a problem  for  any  manufacturer  with  a reasonable  bipolar  process  and  com- 
patible design  guidelines. 

Electrical  data  were  obtained  on  the  monolithic  amplifier  in  the  configuration  shown  in  figure  8. 
The  electrical  data  are  contained  in  table  I. 


Monolithic  amplifier  test  data  indicate  excessive  phase  shift  over  voltage,  the  specified  phase 
shift  being  0.15  deg,  while  actual  measurements  range  from  0.2  to  0.4  deg.  This  is  a difficult  mea- 
surement to  make  since  the  absolute  accuracy  of  the  equipment  is  2 deg.  A properly  tuned  oscil- 
lator will  produce  a shift  in  frequency  of  approximately  6.2  Hz/deg  of  phase  shift  for  a total  shift  of 
2.5  Hz  from  -21.5  to  -30  V for  a 0.4-deg  change  in  amplifier  phase.  This  is  a 0. 025-ms  change  in 
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period  from  -21.5  to  -30  V versus  an  allowance  of  0.015  ms.  Actual  oscillator  data  do  not  confirm 
these  calculations  since  the  drift  in  period  over  voltage  has  been  within  specification,  casting 
doubt  on  the  accuracy  of  the  0.2-  to  0.4-deg  readings. 

The  gain  and  regulated  voltage  measurements  indicated  that  the  amplifier  design  was  accept- 
able. 

Additional  testing  of  the  monolithic  amplifier  in  the  10-kHz  TAB  HMO  configuration  revealed  a 
high  frequency  oscillation  when  inducing  a particular  failure  mode.  A 200-kHz  oscillation  oc- 
curred when  the  470-pF  capacitor  located  near  the  amplifier  input  was  removed  from  the  circuit. 
A detailed  analysis  at  the  breadboard  level  isolated  the  cause  of  the  high  frequency  oscillation  to  a 
positive  feedback  from  the  shaper  circuit  output  back  to  the  analog  input.  Single  point  failures  of 
the  oscillator  cannot  be  allowed  to  result  in  a frequency  oscillation  because  a hazardous  system 
situation  may  result. 

3.2.2  Phase  II.  Monolithic  Amplifier  Integrated  Circuit 

The  Phase  II  amplifier  is  identical  to  the  Phase  I amplifier,  with  one  exception.  The  output  of  the 
wave  shaper  is  picked  off  the  opposite  transistor  of  the  differential  pair.  This  pickoff  changed  the 
phase  of  the  shaper  circuit  output  so  that  negative  feedback  from  the  shaper  circuit  output  back 
to  the  analog  input  existed.  This  change  eliminated  the  high  frequency  failure  made  discussed 
above.  The  schematic  diagram  is  shown  in  figure  9.  The  topology  of  the  die  is  shown  in  figure  10. 

The  Phase  II  amplifier  was  evaluated  in  the  TAB  HMO  configuration.  The  200-kHz  oscillation 
did  not  occur  while  inducing  failure  modes  in  the  twin-T  network.  Additional  testing  was 
performed  which  showed  that  0.9-  to  1.3-dB  excess  gain  exists  when  the  oscillator  twin-T  network 
is  trimmed  properly.  These  tests  were  performed  at  the  substrate  level  prior  to  encapsulation  util- 
izing a Model  25  ESI  laser  with  a 0.05-mm  (2-mil)  bite.  It  is  important  that  approximately  1.0-dB 
excess  gain  exist  to  assure  start-up  of  the  oscillator  at  voltage  levels  between  -17.0  and  -30  Vdc. 

After  encapsulating  the  oscillator,  it  was  noted  that  a loss  of  the  shield  connection  caused  the  os- 
cillator to  run  at  a lower  frequency.  It  appears  that  a negative  feedback  situation  exists  such  that 
the  excess  gain  is  not  sufficient  to  assure  proper  operation.  This  was  not  considered  a serious 
condition  with  the  present  encapsulating  configuration.  However,  if  changes  in  the  packaging 
concept  are  considered,  a thorough  evaluation  should  be  performed  to  assure  proper  operation  of 
the  oscillator. 

3.o  UtaiQN  AND  FABRICATION  OF  PROTOTYPE  10-kHz  TAB  HYBRID 
MICROCIRCUIT  OSCILLATOR 

The  10-kHz  TAB  HMO  utilizes  monolithic  integrated  circuit  technology,  thick  film  technology, 
tape  chip-carrier  technology  (TCC),  and  TAB  technology.  The  basic  functional  building  blocks 
consist  of  a twin-T  network  and  a monolithic  amplifier.  The  monolithic  amplifier  is  a custom 
designed  amplifier  fabricated  by  Motorola.  The  twin-T  network  utilized  Tetrinox'"  film  resistors 
and  NPO  ceramic  chip  capacitors.  Interconnection  from  the  monolithic  amplifier  to  the  thick 
film  conductors  are  formed  by  utilizing  TCC  and  TAB  technology.  Platinum  and  silver  thick  film 
conductors  are  used  to  form  interconnections  between  all  other  circuit  elements.  Drawings  which 
document  the  design  are  contained  in  appendix  A. 


3.3.1  Parts 


The  TAB  HMO  consists  of  a monolithic  amplifier,  a substrate  with  three  Tetrinox"  film  resistors 
and  thick  film  conductors,  four  ceramic  capacitors,  and  three  terminals. 

3.3.2  Monolithic  Amplifiers 

The  monolithic  amplifiers  were  procured  in  7.62-cm  (3-inch)  wafers.  The  wafers  contain  ap- 
proximately 1300  testable  dice.  A yield  of  approximately  50  percent  was  realized  during  develop- 
ment. The  wafers  were  glassivated  with  approximately  5 X 10’4  mm  (5000A)  of  silicon  dioxide 
glass  with  4 to  5 percent  phosphorous  doping.  The  glassivation  is  important  since  the  wafers  are 
exposed  to  additional  processing  steps  during  bumping. 

3.3.3  Substrate  and  Film  Resistors 

The  ceramic  substrate,  with  the  Tetrinox’*  film  resistors  and  thick  film  conductors  deposited  on 
it,  was  purchased  from  Caddock  Inc.  The  ceramic  substrate  is  96  percent  alumina.  Its  dimensions 
were  8.1  X 19.4  X 0.76mm  (0.320  X 0.765  X 0.03  inch).  The  Tetrinox'*  film  resistor  system  is 
processed  to  be  similar  to  conventional  thick  film  resistor  systems.  However,  the  Tetrinox"  re- 
sistor system  has  superior  temperature  stability  and  long-term  stability  characteristics  in  com- 
parison to  conventional  thick  film  resistor  systems.  Table  II  shows  the  temperature  coefficient  of 
resistance  (TCR)  measurements  on  10  substrates.  The  electrical  data  show  that  the  resistor  TCR’s 
are  typically  8 to  15  ppm/°C. 

The  Tetrinox"  resistor  system  is  terminated  with  a low-fire  silver  thick  film  from  DuPont 
(Ag  7713).  The  thick  film  conductors  were  platinum  and  silver  thick  film  conductors  from  DuPont 
(PtAg  9770).  The  substrate  layout  used  for  the  oscillator  hybrid  circuit  is  shown  in  drawing 
11711674,  appendix  A. 

3.3.4  Ceramic  Chip  Capacitors 

NPO*  ceramic  chip  capacitors  were  used  in  the  twin-T  network  because  they  exhibit  superior 
time  and  temperature  stability  characteristics.  The  NPO  capacitor  can  be  procured  from  many 
suppliers  with  a temperature  coefficient  of  capacitance  of  ±30  ppm/°C.  Ceramic  capacitors  are 
very  compatible  with  hybrid  microcircuit  processing  used  to  fabricate  the  TAB  HMO.  Ceramic 
capacitors  with  palladium  and  silver  terminations  were  selected  due  to  their  compatibility  with 
solder  reflow  processes  and  low  cost. 

3.3.5  Processes 

Bumping  — The  bumping  process  requires  an  intermediate  metallization  layer  topped  with  an 
electroplated  gold  bump.  The  intermediate  or  barrier  metallization  consists  of  titanium,  pal- 
ladium, and  gold  which  are  sputtered  on  the  wafer.  The  intermediate  metallization  is  required  to 
provide  a diffusion  barrier  between  the  aluminum  bonding  pad  on  the  wafer  and  the  electroplated 
gold  bumps.  The  available  aluminum  bonding  pads  [opening  in  glassivation  over  a 0.127-mm 

*NPO  is  an  GIA  code  for  capacitor  temperature  characteristic  meaning 
“Negative-Positive-Zero.” 
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(5-mil)  square  aluminum  bonding  pad]  on  the  monolithic  amplifier  die  are  0.12-mm  (4.6-mil) 
squares.  There  are  eight  bonding  pads  per  die.  The  gold  bump  extends  approximately  0.005  mm 
(0.2  mil)  past  the  edge  of  the  window  in  the  glassivation.  It  is  important  that  the  gold  bump  not 
extend  past  the  edge  of  the  aluminum  bonding  pad  below  to  prevent  microfracturing.  The  gold 
bumps  are  electroplated  to  a height  of  approximately  0.025  mm  (1  mil).  Figure  11  shows  the  gold 
bumps  on  a monolithic  amplifier. 

Tape  Automated  Bonding  (TAB)  — The  tape  format  consists  of  35-mm  Kapton  with  adhesively 
bonded  rolled  annealed  copper  (three  layers).  Carrier  frames  consist  of  1-oz  rolled  annealed  cop- 
per laminated  to  0.127-mm  (5-mil)  thick  Kapton  tape.  The  copper  leads  are  3.56  X 10'2  ± 0.0051 
mm  (1.4  ± 0.2  mil)  thick.  The  copper  lead  frames  are  tin  plated  (tin  plate  thickness  = 7.62  X 104 
mm  or  30  #un.  Drawings  34028099  and  34026856,  appendix  A,  illustrate  the  present  lead  frame 
design.  Figure  12  shows  the  monolithic  amplifier  in  the  tape  carrier. 

Inner  Lead  Bonding  — The  inner  lead  bonding  process  employs  gang  bonding.  The  process  joins 
the  tin-plated  copper  lead  frames  to  the  gold  bumps  on  the  die.  Heat  and  pressure  are  applied  to 
the  tin-plated  copper  leads,  which  are  placed  on  the  gold  bump,  forming  a gold-tin  eutectic.  Tests 
performed  on  the  first  lot  of  inner  lead  bonded  monolithic  amplifiers  revealed  pull  strengths 
ranging  from  30  to  40  and  broken  leads  in  every  case.  Figure  13  shows  the  inner  lead  bonds  on  the 
monolithic  amplifier. 

Excising  and  Lead  Forming  — The  excising  operation  removes  the  inner  lead  bonded  mono- 
lithic amplifiers  and  a portion  of  the  attached  lead  frame  from  the  tape  carrier  by  severing  the 
leads.  Lead  forming  shapes  the  leads  to  provide  sufficient  clearance  between  the  leads  and  the 
edge  of  the  amplifier  die  to  prevent  short-circuiting.  It  also  shapes  the  leads  so  that  the  desig- 
nated area  of  the  lead  can  be  attached  to  the  thick  film  outer  lead  bonding  pad.  The  shape  of  the 
leads  is  illustrated  in  drawing  34028099,  appendix  A. 

Solder  Reflow  — The  ceramic  chip  capacitors,  monolithic  amplifier,  and  terminals  are  attached 
to  the  thick  film  conductors  utilizing  solder  reflow  techniques.  Solder  paste  (62  percent  tin,  36 
percent  lead,  and  2 percent  silver)  was  screen  printed  on  the  thick  film  conductor  bonding  pads. 
The  reflow  process  was  performed  in  a Watkins-Johnson  conveyer  furnace  specifically  designed  to 
achieve  spike  profiles.  This  feature  is  desirable  since  excessive  time  above  the  melting  point  of 
solder  degrades  the  adhesion  of  the  thick-film  conductors. 

3.3.6  Active  Trimming 

The  active  trimming  was  automatically  performed  by  utilizing  a Model  25  ESI  laser  system.  The 
oscillator  is  biased  with  —23.5  Vdc.  The  analog  output  of  the  monolithic  amplifier  is  monitored  to 
indicate  when  the  proper  trim  point  has  been  achieved.  The  analog  output  is  fed  into  a buffer 
circuit  to  prevent  loading  from  the  ac  voltmeter.  The  laser  minicomputer  system  is  programmed 
to  trim  R3  until  the  Vrms  voltage  decreases  to  less  than  200  mVrms.  After  R3  has  been  adjusted, 
the  laser  automatically  cuts  open  a thick  film  conductor  which  removes  a short  circuit  across  a 
resistor  on  the  monolithic  amplifier.  This  removal  increases  the  gain  of  the  monolithic  amplifier 
approximately  1.5  dB,  satisfying  the  conditions  for  oscillation,  and  the  oscillator  begins  to  run. 
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Enlarged  view  of  gold  bump. 

Figure  II.  Illustration  of  bumping  process. 
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3.3.7  Fabrication  and  Packaging 

The  fabrication  steps  are  identified  in  the  TAB  HMO  process  flow  chart,  figure  14. 


[ j 


The  monolithic  amplifier  wafers  were  processed  by  utilizing  TCC  and  TAB  technology.  The 
wafers  were  bumped,  mounted  on  a substrate  coated  with  adhesive,  sawed,  and  inner  lead 
bonded.  Tape  carrier  lead  frame  was  a 35-mm  Kapton  tape,  which  allowed  the  monolithic  ampli- 
fiers to  be  handled  in  reel  form  after  the  inner  lead  bonding  process.  The  tape  chip  carrier  allowed 
electrical  testing  after  bumping  and  inner  lead  bonding  processes.  The  ac  electrical  testing  had  a 
considerable  effect  on  increasing  the  yield  of  the  hybrid  microcircuit  oscillator  assembly.  The 
monolithic  amplifier  and  a portion  of  the  tin-plated  copper  lead  were  excised  from  the  lead  frame. 
Lead  forming  was  performed  subsequent  to  excising.  The  lead  forming  operation  formed  the 
tin-plated  copper  leads  so  that  contact  could  be  made  with  the  thick  film  bonding  pads  on  the 
substrate  without  short-circuiting  to  the  edge  of  the  die.  The  tin-plated  copper  heads  which  were 
the  interconnections  from  the  monolithic  amplifier  to  the  thick  film  bonding  pads  were  3.5  X 10*2 
mm  (1.4  mil)  thick  and  0.076  mm  (3  mil)  wide  at  the  gold  bumps. 

A nonconductive  epoxy  was  used  to  aid  in  fastening  the  monolithic  amplifier  to  the  ceramic  sub- 
strate. Solder  paste  was  screen  printed  on  the  thick  film  bonding  pads  to  form  the  connections  to 
the  monolithic  amplifier  leads,  ceramic  capacitor  terminations,  and  terminals.  The  solder  paste 
was  reflowed  in  a conveyor  furnace  capable  of  delivering  a spike  profile. 

The  oscillator  substrate  assembly  was  placed  in  a plastic  case  which  was  filled  with  epoxy.  Two 
encapsulating  techniques  were  evaluated.  One  encapsulating  technique  consisted  of  dipping  the 
substrate  in  silicone  (Dow  Corning  R6100),  which  formed  a 0.127  to  0.17-mm  (5-  to  7-mil)  barrier 
layer  over  the  components  and  entire  substrate.  Subsequent  to  the  silicone  dipping,  the  substrate 
was  placed  in  the  plastic  case  filled  with  epoxy.  The  other  encapsulating  technique  consisted  of 
placing  the  substrate  in  the  plastic  case  without  the  silicone  barrier  layer.  A metal  clip  was  placed 
on  the  plastic  case,  and  the  case  was  dipped  in  a conductive  paint  to  form  a shield.  A metal  case  is 
being  designed  for  future  use  since  it  is  felt  that  the  conductive  paint  does  not  offer  a satisfactory 
shield  for  this  application. 


3.4  ELECTRICAL  AND  ENVIRONMENTAL  TESTING  OF  PROTOTYPE  TAB  HMOs 

Prototype  TAB  HMOs  were  fabricated  as  described  in  section  3.3  by  using  the  Phase  I monolithic 
amplifier  design.  Group  1 (SN1-14)  devices  were  encapsulated  by  using  epoxy,  whereas  group  2 
(SN15-28)  devices  were  encapsulating  by  using  a silicone  barrier  layer  and  epoxy.  Twenty -seven 
TAB  HMOs  were  exposed  to  electrical  and  environmental  testing  per  drawing  11726813  as  shown 
in  figure  15  (see  appendix  A).  Group  A electrical  data  are  contained  in  table  IV.  The  temperature 
coefficients  of  the  period  (TCT)  are  summarized  in  table  III. 
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FINAL  INSPECTION 


1SEVEN  BIASED  DEVICES  WERE  FUNCTIONING  DURING  THE  MOISTURE  RESISTANCE  TEST  WITH  Vg  = 23.5  VDC 


Figure  15.  Flow  diagram  of  environmental  testing  of  210  TAB  HMOs. 
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TABLE  III.  TEMPERATURE  COEFFICIENT  OF  PERIOD 
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Group  1 

Temperature 

(°C) 

25  to  45 

25  to  71 

25  toO 

25  to  -30 

25  to -50 

XTCT 

(ppm/°C) 

38.0 

36.2 

38.0 

36.0 

39.8 

Low  TCT 

(ppm/°C) 

28.2 

26.5 

28.2 

25.2 

29.3 

High  TCT 

(ppm/°C) 

59.6 

59.6 

63.4 

51.7 

56.7 

Group  2 

Temperature 

(°C) 

25  to  45 

25  to  71 

25  toO 

25  to  -30 

25  to  -50 

XTCT 

(ppm/°C) 

15.3 

12.8 

18.0 

19.1 

21.0 

Low  TCT 

(ppm/°C) 

6.0 

4.1 

7.6 

10.6 

11.3 

High  TCT 

(ppm/°C) 

30.9 

27.7 

37.2 

37.8 

41.7 

3.4. 1 Temperature  Cycle  T est 

The  period  drift  exhibited  during  temperature  cycling  testing  (+71°  to  -55°C)  is  shown  in  table 
V. 

The  oscillator  period  drift  through  temperature  cycling  did  not  display  any  deleterious  affects  on 
the  oscillator  performance. 

3.4.2  Shock  Test 

The  period  drift  exhibited  during  shock  testing  (30  kg)  is  shown  in  table  VI. 

Four  of  the  TAB  HMOs  (SN2,  13,  16  and  24)  did  not  function  electrically  after  potting  in  the 
brown  sugar  prior  to  the  shock  testing.  Devices  SN2  and  SN13  were  drawing  high  current.  After 
removal  from  the  brown  sugar,  SN13  and  SN24  functioned  properly,  whereas  SN2  and  SN16  did 
not  function  electrically.  Failure  analysis  did  not  reveal  any  obvious  visual  defects.  It  appears 
that  short  circuit  conditions  (SN2  and  SN13),  open  circuit  conditions  (SN24),  and  improper 
connections  external  to  the  hybrid  microcircuit  oscillator  assemblies  resulted  in  abnormal  test 
results  for  these  four  devices. 

Device  SN19  exhibited  a period  drift  of  -166.4  X 10'9.  Failure  analysis  did  not  reveal  any  visual 
defects  in  the  elements  of  the  TAB  HMO  assembly.  However,  minor  shifts  in  the  resistance  or 
capacitance  values  of  the  twin-T  network  could  occur  and  would  not  be  detectable  because  the 
initial  component  values  are  unknown. 

3.4.3  Constant  Accalaration  Test 

Thirteen  of  the  prototype  TAB  HMOs  were  exposed  to  constant  acceleration  testing.  The  con- 
stant acceleration  tests  were  performed  by  HDL.  The  period  drift  noted  during  the  constant 
acceleration  testing  was  well  within  the  specified  limits.  The  period  drift  exhibited  during  the 
constant  acceleraton  tests  is  shown  in  table  VII. 
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TABLE  VI.  PERIOD  DRIFTS  DURING  SHOCK  TESTING  (30  kg) 


AT 

(10~»  s) 


SN 

i 

AT 

(10-9  s) 

15 

0 

16 

— 

17 

0.5 

18 

-0.5 

19 

-166.4 

20 

-1.6 

21 

-4.5 

23 

-2.5 

24 

— 

25 

-2.0 

26 

0.7 

27 

-4.1 

28 

-0.7 

(X  excludes 
SN19) 

-1.47 

1.82 

±20 

TABLE  VII.  PERIOD  DRIFTS  DURING  CONSTANT  ACCELERATION  TESTS 


3.4.4  Moisture  Resistance  Test 

Thirteen  prototype  TAB  HMOs  were  exposed  to  moisture  resistance  testing  per  MIL-STD-883, 
Method  1004.1.  Moisture  resistance  testing  is  not  a requirement  of  drawing  11716813.  However,  it 
is  an  excellent  test  to  check  chemical  compatibility  of  the  materials  used  in  fabricating  the  TAB 
HMO.  Devices  SN1,  7,  8,  9,  19,  23  and  24  were  electrically  functioning  during  moisture  resistance 
exposure.  The  period  drift  noted  during  the  moisture  resistance  tests  is  shown  in  table  VIII. 

Eleven  of  13  TAB  HMOs  exhibited  minor  drifts  during  the  moisture  resistance  testing.  Device 
SN12  did  not  function  properly  after  the  moisture  resistance  exposure.  Reducing  the  power  sup- 
ply voltage  from  -23.5  to  -6.0  Vdc  allowed  the  oscillator  to  function.  The  gain  of  the  monolithic 
amplifier  is  higher  at  lower  supply  voltage.  This  type  of  failure  mode  is  indicative  of  the  twin-T 
network  attenuation  exceeding  the  amplifier  gain  (R3  drifting  to  a higher  value).  Device  SN19 
exhibited  an  abnormal  period  drift.  Failure  analysis  did  not  reveal  any  visual  defects.  It  appears 
that  a minor  shift  in  the  resistance  or  capacitance  values  of  the  twin-T  network  caused  the  ab- 
normal period  drift. 

3.4.5  Air  Gun  Test 

Twelve  TAB  HMOs  were  exposed  to  two  air  gun  tests  by  HDL.  The  period  drift  through  shock 
testing  is  summarized  in  table  IX. 


TABLE  VIII.  PERIOD  DRIFTS  DURING  MOISTURE  RESISTANCE  TESTS 


SN 

AT 

(10-9  s) 

SN 

AT 

(10-9  s) 

1 

36.2 

18 

63.3 

7 

38.1 

19 

-414.8 

8 

27.5 

23 

30.5 

9 

46.5 

24 

37.9 

12 

— 

27 

28.7 

13 

33.4 

28 

58.0 

14 

36.4 

X 

36.4 

(X  excludes 
SN19) 

43.7 

a 

6.22 

15.98 

TABLE  IX.  PERIOD  DRIFTS  THROUGH  SHOCK  TESTING 


SN 

First 

Shock 

(kg) 

AT 

(10-9  s) 

Second 

Shock 

(kg) 

AT 

(10-9  S) 

B 

31.2 

-5.6 

27.5 

-2.3 

H 

31.2 

-2.0 

27.5 

-3.8 

30.9 

-3.5 

28.9 

-7.3 

H 

30.9 

-2.7 

28.9 

-2.8 

10 

29.9 

-8.3 

25.1 

-11.4 

11 

29.9 

— 8.7 

25.1 

-39.8 

3T 

-5.1 

-11.2 

a 

2.88 

14.41 

15 

31.2 

-3.4 

27.5 

-1.6 

17 

31.2 

-3.4 

27.5 

0.1 

20 

30.9 

2.5 

28.9 

-1.5 

21 

30.9 

-2.1 

28.9 

1.1 

25 

29.9 

0.2 

25.1 

-0.1 

26 

29.9 

-2.5 

25.1 

— 

-1.5 

-0.36 

2.76 

1.16 
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All  of  the  TAB  HMOs  met  the  ±20  X 10'9  8 period  drift  specification  through  the  first  shock  test. 
However,  after  the  second  shock  test,  device  SN11  exhibited  a period  drift  of  -39.8  X 10~9  and 
SN26  did  not  function  properly.  Device  SN11  was  not  analyzed.  Device  SN26  functioned  electri- 
cally with  the  supply  voltage  reduced  from  -23.5  to  - 13  Vdc.  Failure  analysis  of  device  SN26  did 
not  reveal  any  visual  defects.  It  appears  that  the  resistance  of  R3  increased;  as  a result,  the  twin-T 
network  attenuation  exceeded  the  gain  of  the  monolithic  amplifier. 

3.4.6  Balloting  Teat 

Eight  TAB  HMOs  were  exposed  to  balloting  tests  by  HDL.  Minor  period  changes  were  noted 
during  the  balloting  tests.  Period  drifts  are  summarized  in  table  X. 

3.4.7  High  Temperature  Storage  Test 

Eight  TAB  HMOs  were  exposed  to  high  temperature  storage  testing  ( + 125°C)  by  HDL.  The 
period  drifts  are  summarized  in  table  XI. 


Failure  analysis  was  performed  on  all  devices  with  the  exception  of  SN260,  which  was  potted  in  a 
tube  for  57-mm  testing.  Failure  analysis  results  are  documented  in  appendix  C.  Additional  elec- 
trical testing  of  the  monolithic  amplifier  at  Vs  = -17.0  and  —30  Vdc  will  aid  in  eliminating  the 
voltage  sensitivity  problem  noted  in  devices  SN5,  83,  227,  and  260. 

3.5  FABRICATION,  ELECTRICAL  TESTING,  AND  ENVIRONMENTAL  TESTING  OF  FIRST 
ARTICLE  TEST  SAMPLE  UTILIZING  PHASE  I MONOLITHIC  AMPLIFIER  DESIGN 

Two  hundred  ten  TAB  HMOs  were  fabricated  by  the  processes  in  section  3.3.  This  group  used  the 
Phase  I monolithic  amplifiers  which  were  not  electrically  tested  at  the  wafer  level.  The  monolithic 
amplifiers  were  tested  after  inner  lead  bonding  at  the  tape  level  using  a supply  voltage  of  —23.5 
Vdc.  The  210  TAB  HMOs  were  encapsulated  by  using  two  different  techniques.  One  hundred  five 
were  encapsulated  with  a silicone  barrier  layer  0.127  to  0.25  mm  (5  to  10  mil)  thick  over  the  entire 
substrate.  The  barrier  layer  is  applied  by  dipping  the  hybrid  microcircuit  substrate  assembly  in  a 
small  tank  of  R6100  silicone.  The  curing  cycle  required  1 hr  at  room  temperatue  and  2 hr  at  93°C. 
Subsequent  to  the  curing  process,  the  silicone  coated  oscillator  substrate  assemblies  were  placed 
in  a plastic  case  filled  with  epoxy.  One  hundred  five  devices  were  encapsulated  without  the  sili- 
cone barrier  layer. 

The  210  TAB  HMOs  were  exposed  to  group  A,  B,  and  C testing  of  HDL  drawing  11726813.  The 
flow  diagram  in  figure  16  shows  the  tests  performed,  sequence  of  testing,  and  sample  size  sub- 
mitted to  each  test. 

Group  A electrical  test  results  revealed  that  the  TAB  HMO  performed  well  within  the  specifi- 
cation requirements.  The  temperature  coefficient  of  the  period  characteristics  are  displayed  on 
histograms  in  appendix  B.  The  oscillators  with  the  silicone  barrier  layer  exhibited  a TCT  of  25  to 
35  ppm/°C.  The  supply  currents  were  typically  2.0  mA  dc.  Rise  and  fall  times  ranged  from  200  X 
10‘9  to  400  X 10‘9  s across  the  temperature  range  from  +71°  to  -50°C.  The  time  high  was  typical- 
ly 48  X 10'6  to  52  X 10‘6  s across  the  temperature  range  from  +71°  to  -50°C.  The  period  change 
noted  during  the  voltage  sensitivity  tests  typically  ranged  from  5 X 10*9  to  12  X 10‘9  s. 
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Nine  failures  were  noted  during  group  A electrical  testing.  The  failures  are  listed  in  table  XII. 

3.5.1  Temperature  Cycle  Test 

Fifty  TAB  HMOs  were  exposed  to  temperature  cycle  testing  per  HDL  drawing  11726813.  Electri- 
cal data  are  contained  in  tables  XIII  and  XIV,  and  figure  17  is  a histogram  displaying  the  period 
drift.  One  device,  SN18,  exhibited  a period  drift  of  —279  X 10*9  s,  which  exceeds  the  ±250  X 10*9  s 
maximum  limit.  Failure  analysis  of  SN18  is  documented  in  appendix  C. 

3.5.2  Shock  Test 

Fifty  TAB  HMOs  were  exposed  to  30-kg  shock  testing  per  HDL  drawing  11726813.  Electrical  data 
are  contained  in  tables  XV  and  XVI,  and  figure  18  is  a histogram  displaying  the  period  drift.  All 
devices  met  the  ±20  X 10'9  s specification  requirement. 

3.5.3  High  Temperature  Storage  Test 

Fifty  TAB  HMOs  were  exposed  to  high  temperature  storage  testing  at  125°C  per  HDL  drawing 
11726813.  Electrical  data  are  contained  in  tables  XVII  and  XVIII,  and  figure  19  is  a histogram 
displaying  the  period  drift.  One  device,  SN103,  exhibited  a period  drift  of  619.5  X 10*9  s,  which 
exceeds  the  ±250  X 10‘9  s specification  requirement.  Failure  analysis  of  SN103  is  documented  in 
appendix  C. 


TABLE  XII.  GROUP  A ELECTRICAL  TESTING 


SN 

Failure  Mode 

35 

Supply  current  >2.7  mAdc 

95 

Period  <96X10**  s 

298 

Period  <96x  20*6  s 

79 

No  output 

294 

No  output 

215 

No  output  at  -30°  and  -50°C 

5 

Voltage  sensitivity  at  — 17  Vdc,  T = 20X  10*®9  s 

83 

Voltage  sensitivity  at  - 17  Vdc,  T = 27.5X  10*9  s 

227 

Voltage  sensitivity  at  - 17  Vdc,  T = 36.7X  10*9  s 

260 

Voltage  sensitivity  at  -17  Vdc,  T = 79X10*9  s 

i 
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TABLE  XIII.  TEMPERATURE  CYCLE  TEST  DATA 


T 

Pretest 


T 

Post-test 


AT 

Pre  to  Post 


( 1 0~ 6 s) 


(10'6s) 


(10'9s) 


100.599 

99.0070 

97.1072 

96.2334 

98.6456 

100.920 

99.1129 

100.154 


100.596 

99.0040 

97.0996 

96.2223 

98.6427 

100.909 

99.0874 

100.139 


10 

98.4523 

98.4368 

11 

98.7060 

98.5982 

12 

98.1528 

98.1422 

13 

98.4960 

98.4853 

15 

96.2640 

96.2438 

16 

96. 6697 

96.6594 

17 

100.550 

100.525 

18 

97.8206 

98.5416 

19 

97.7813 

97.7613 

20 

98.8406 

98.8279 

21 

100.658 

100.629 

22 

100.160 

100.148 

23 

98.2366 

98.2193 

24 

100.247 

100.221 

25 

96.3122 

96.2844 

26 

98.8172 

98.8103 

x = -17.10 
g = 13.84 


‘Epoxy  encapsulated  only. 

2 -9 

The  drift  through  temperature  cycling  exceeds  ± 250  x 10  s 

specification  requirement.  Not  included  in  H calculations. 


s 
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TABLE  XIV.  TEMPERATURE  CYCLE  TEST  DATA 


SN1 

T 

Pretest 

(10"6s) 

T 

Post -test 
(10”6s) 

AT 

Pre  to  Post 
(10‘9s> 

201 

98.8328 

98.8318 

-1.0 

202 

99.1788 

99.1788 

0 

203 

98.4078 

98.4049 

-2.9 

204 

100.570 

100.568 

-2.0 

205 

98.9139 

98.9159 

+2.0 

206 

97.9605 

97.9585 

-2.0 

207 

98.6009 

98.5989 

-2.0 

208 

98.3400 

98.3352 

-4.8 

209 

97.0996 

97.0949 

-4.7 

210 

98.1489 

98.1460 

-2.9 

211 

98.9247 

98.9237 

-1.0 

212 

98.2106 

98.2135 

+2.9 

213 

100.932 

100.930 

-2.0 

214 

97.8742 

97.8694 

-4.8 

215 

102.596 

102.591 

-5.0 

216 

99.2516 

99.2536 

+2.0 

217 

99.5282 

99.5282 

0 

218 

101.117 

101.119 

+ 2.0 

219 

99.0550 

99.0501 

-4.9 

220 

102.779 

102.778 

-0.1 

221 

99.1886 

99.1886 

0 

222 

99.2645 

99.2635 

-1.0 

223 

98.0844 

98.0796 

-4.8 

224 

99.3730 

99.3730 

0 

225 

100.190 

100.184 

-0.6 

x = -1.50 

. -g  -.2.12 

Conformal  coated  and  epoxy  encapsulated 
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Figure  17.  Histograms  of  period  change  through  temperature  cycling 


TABLE  XV.  SHOCK  TEST  DATA 


SN1 

T 

Pretest 

(10_6s) 

T 

Post -test 
(10~6s) 

A T 

Pre  to  Post 
(10'9s) 

78 

96.7542 

96.7462 

-8.0 

80 

96.1450 

96.1329 

-12.1 

81 

98.6428 

98.6330 

-9.8 

82 

98.5920 

98.5825 

-9.5 

83 

97.9231 

97.9140 

-9.1 

84 

100.8614 

100.8525 

-8.9 

86 

96.8945 

96.8842 

-10.3 

87 

96.3749 

96.3678 

-7.1 

88 

98.6126 

98.6048 

-7.8 

89 

98.6823 

98.6736 

-8.7 

90 

98.2888 

98.2820 

-6.8 

91 

100.4295 

100.4225 

-7.0 

92 

97.9146 

97.9076 

-7.0 

93 

97.9256 

97.9200 

-5.6 

94 

98.4385 

98.4341 

-4.4 

95 

94.7891 

94.7840 

-5.1 

96 

100.4099 

100.4040 

-5.9 

97 

98.9077 

98.9122 

+4.5 

98 

102.4828 

102.4780 

-4.8 

99 

97.8791 

9^ . 8 740 

-5.1 

100 

97.4399 

97.4350 

-4.5 

101 

100.0499 

100.0454 

-4.5 

102 

101.0144 

101.0105 

-3.9 

103 

98.3052 

98.3012 

-4.0 

104 

97.7167 

97.7131 

-3.6 

x = -6.36 

TABLE  XVI.  SHOCK  TEST  DATA 


SN1 

T 

Pretest 

(10"6s) 

T 

Post-test 

(10"6s) 

AT 

Pre  to  Post 
(10_9s) 

277 

98.0755 

98.0750 

-0.5 

278 

98.2163 

98.2140 

-2.3 

279 

98.1520 

98.1507 

-2.7 

280 

96.7349 

96.7347 

-0.2 

281 

96.7357 

96.7330 

-2.7 

282 

98.8199 

98.8185 

-1.4 

283 

99.0360 

99.0358 

-0.2 

284 

96.6000 

96.6000 

0 

285 

98.2467 

98.2480 

+ 1.3 

286 

97.9364 

97.9360 

-0.4 

287 

98.8616 

98.8618 

-0.2 

288 

100.4554 

100.4560 

-0.6 

289 

98.7535 

98.7526 

-0.9 

290 

96.6886 

96.6880 

-0.  6 

291 

99.4150 

99.4130 

-2.0 

292 

98.3456 

98.3449 

-0.7 

293 

99.1864 

99.1865 

-0.1 

295 

100.2806 

100.2818 

+ 1.2 

296 

99.9309 

99.9300 

-0.9 

297 

97.5027 

97.5017 

-1.0 

298 

95.3325 

95.3320 

-0.5 

299 

100.3455 

100.3438 

-1.7 

300 

97.4101 

97.4091 

-1.0 

301 

98.9682 

98.9674 

-0.8 

302 

101.0681 

101.0672 

-0.9 

x = 0.79 

a = ( 

) . 98 

Conformal  coated  and  epoxy  encapsulated 


SILICONE  AND  EPOXY 
(30kg) 

25  UNIT  SAMPLE 


EPOXY  (30kg) 

25  UNIT  SAMPLE 


Figure  18.  Histograms  of  period  change  through  shock  testing. 


TABLE  XVII.  HIGH  TEMPERATURE  STORAGE  TEST  DATA 


SN1 

T 

Pretest 

(10~6s) 

T 

Post -test 
(10'6s) 

at 

(10‘9s) 

78 

96.7780 

96.7484 

-29.6 

80 

96.1503 

96.1443 

-6.0 

81 

98.6512 

98.6376 

-13.  6 

82 

98.5989 

98.5984 

-0.4 

83 

97.9320 

97.9410 

+9.0 

84 

100.8717 

100.8735 

+ 1.8 

86 

96.8825 

96.8837 

+ 1.2 

87 

96.3825 

96.3764 

-6.1 

88 

96.6100 

98.6096 

-0.4 

89 

98. 6800 

98.6867 

+6.7 

90 

98.2899 

98.2830 

-6/: 

91 

100.4300 

100.4190 

-11.0 

92 

97.9172 

97.9245 

+7.3 

93 

97.9317 

97.9464 

+ 14.7 

94 

98.4385 

98.4655 

+27.0 

95 

94.7911 

94.7899 

+8.8 

96 

100.4120 

100.4194 

+7.4 

97 

98.9158 

98.9123 

-3.5 

98 

102.5164 

102.4758 

CO 

0 

1 

99 

97.8805 

97.7880 

-92.5 

100 

97.4403 

97.4606 

+20.3 

101 

100.0534 

100.0539 

+0.5 

102 

101.0169 

101.0049 

-12.0 

103 

98.3039 

98.9234 

+619. 52 

104 

97.7150 

97.7224 

x = 4. 60 

ff  * 23.67 

+7.4 

Epoxy  encapsulated  only 

2 - 9 

The  drift  through  high  temperature  storage  exceeds  the  ±250  x 10  seconds 

spec  limit.  Not  included  in  x calculations 


TABLE  XVIII.  HIGH  TEMPERATURE  STORAGE  TEST  DATA 


SN1 

T 

Pretest 

(10"6s) 

T 

Post-test 

(10"6s) 

AT 

(10~9s) 

277 

98.0924 

98.1024 

+ 10.0 

278 

98.2180 

98.2380 

+20.0 

279 

98.1526 

98.1827 

+30. 1 

280 

96.7370 

96.7413 

+4.3 

281 

96.7335 

96.7524 

+ 18.9 

282 

98.8226 

98.8487 

+26. 1 

283 

99.0458 

99.0570 

+ 11.2 

284 

96. 6022 

96.6204 

+ 18.2 

285 

98.2500 

98.2787 

+28.7 

286 

97.9390 

97.9968 

+57.8 

287 

98.8766 

98.9031 

+26.5 

288 

100.4573 

100.4714 

+ 14.1 

289 

98.7547 

98.7752 

+ 20.5 

290 

96.6900 

96.7212 

+31.2 

291 

99.4161 

99.4410 

+24.9 

292 

98.3496 

98.3566 

+7.0 

293 

> 99.1872 

99.2040 

+ 16.8 

295 

100.2832 

100.3033 

+20. 1 

296 

99.9544 

99.9617 

+7.3 

297 

97.5086 

97.5351 

+26.5 

298 

95.3331 

95.3563 

+23.2 

299 

100.3440 

100.3519 

+ 7.9 

300 

97.4083 

97.4270 

+ 18.7 

301 

98.9667 

98.9729 

+6.2 

302 

101.0684 

101.1052 

+36.8 

x = 20.52 

a = 11.74 

^Conformal  coated  and  epoxy  encapsulated. 
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Device  SN15  exhibited  a period  drift  of  -861  X 10'9  s.  Failure  analysis  did  not  reveal  any  obvious 
visual  defects.  Electrical  measurements  of  the  components  in  the  twin-T  network  did  not  reveal 
any  component  values  exceeding  the  specification  limit.  Minor  shifts  in  the  resistance  or  capaci- 
tance values  of  the  twin-T  network  were  undetectable  as  the  initial  values  were  unknown.  It 
appears  that  the  excessive  period  drift  was  related  to  minor  shifts  in  the  resistance  or  capacitance 
values  of  the  twin-T  network.  Device  SN17  did  not  function  electrically.  However,  SN17  would 
function  when  reducing  the  power  voltage  from  -23.5  to  -8.0  Vdc.  It  appears  that  resistance  of 
R3  increased,  so  the  twin-T  network  attenuation  exceeded  the  gain  of  the  monolithic  amplifier. 

3.5.4  Constant  Acceleration  Test 

Fifty  TAB  HMOs  were  exposed  to  constant  acceleration  testing  by  HDL  per  drawing  11726813. 
Electrical  data  are  contained  in  tables  XIX  and  XX,  and  figure  20  is  a histogram  displaying  the 
period  drift.  All  of  the  devices  met  the  ±50  X 10-9  s specification  requirement. 

3.5.5  Moisture  Resistance  Test 

Twenty-four  TAB  HMOs  were  exposed  to  moisture  resistance  testing  per  MIL-STD-883,  Method 
1004.1.  This  test  was  not  a requirement  of  HDL  drawing  11726813.  The  electrical  data  are  con- 
tained in  table  XXI,  and  figure  21  is  a histogram  displaying  the  period  drift.  Devices  SN28  and 
230  exhibited  abnormal  period  drifts  (-552  X 10'9  and  -234.5  X 10‘9  s,  respectively).  Failure 
analysis  of  devices  SN28  and  230  are  documented  in  appendix  C. 

3.5.6  57-mm  Testing 

Seventy-six  TAB  HMOs  were  exposed  to  57-mm  testing  by  HDL  per  drawing  11726813.  Electrical 
data  are  contained  in  tables  XXII  and  XXIII,  and  figure  22  is  a histogram  displaying  the  period 
drift.  Five  of  the  TAB  HMOs  failed  during  57-mm  testing.  Devices  SN41,  51,  and  61  (encap- 
sulated with  epoxy  only)  exhibited  period  drifts  which  exceeded  the  ±50  X 10‘9  s specification 
requirement.  Devices  SN71  (encapsulated  with  epoxy  only)  and  243  (encapsulated  with  silicone 
and  epoxy)  did  not  function  properly.  Failure  analysis  is  documented  in  appendix  D. 


3.6  FABRICATION,  ELECTRICAL  TESTING,  AND  ENVIRONMENTAL  TEST  OF  FIRST 
ARTICLE  TEST  SAMPLE  UTILIZING  PHASE  II  MONOLITHIC  AMPLIFIER  DESIGN 

One-hundred-eighty  TAB  HMOs  were  fabricated  utilizing  the  Phase  II  monolithic  amplifier 
design  and  the  manufacturing  processes  in  section  3.3.  The  monolithic  amplifiers  were  electri- 
cally tested  after  inner  lead  bonding  at  the  tape  level  at  three  supply  voltages,  -23.5,  -17.0,  and 
-30.0  Vdc.  All  devices  were  encapsulated  with  a silicone  barrier  layer  over  the  entire  substrate. 

The  180  TAB  HMOs  were  exposed  to  group  A and  B testing  of  HDL  drawing  11726813.  The  flow 
diagram  in  figure  23  shows  the  tests  performed,  sequence  of  testing,  and  sample  size  submitted  to 
each  test. 
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TABLE  XIX.  CONSTANT  ACCELERATION  TEST  DATA1 
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TABLE  XX.  CONSTANT  ACCELERATION  TEST  DATA1 


TABLE  XXI.  MOISTURE  RESISTANCE  DATA 


SN1 

T 

Pretest 

<10'6s) 

T 

Post -test 
(10‘5s) 

n 

Pre  to  Post 
(10'9s) 

27 

98.1412 

98.1836 

+42.4 

28 

102.560 

102.008 

-552.0  (2) 

29 

103.101 

103.162 

+ 61.0 

30 

99.9290 

99.9840 

+55.0 

31 

96.6791 

96.7361 

+57.0 

32 

98.3894 

98.4349 

+45.5 

34 

98.6758 

98.7274 

+51.6 

35 

98.1412 

98.1971 

+ 55.9 

36 

96.7801 

96.8354 

+55.3 

37 

98.5096 

98.5581 

+ 48.5 

38 

98.9100 

98.9688 

+58.8 

39 

98.1566 

98.2174 

+ 60.8 

x = 53.8 

a = 6.13 

2263 

96.9594 

96.9819 

+22.5 

227 

98.9394 

98.9630 

+23.  6 

228 

102.898 

102.962 

+ 64.0 

229 

97.9950 

98.0315 

+36.5 

230 

97.3530 

97.1185 

-234. 52 

231 

96.9725 

96.9941 

+21.6 

232 

96.6090 

96.6137 

+4.7 

233 

100.763 

100.798 

+ 35.0 

234 

96.5661 

96.5932 

+27.1 

235 

98.2328 

98.2675 

+34.7 

236 

96.9857 

97.0020 

+16.3 

237 

98.8123 

98.8347 

+22.4 

x = 28.04 

o = 15.05 

Epoxy  encapsulated  only. 

HDL  drawing  11726813  does  not  have  a specification  requirement  for 
drift  through  moisture  resistance  testing.  However,  the  drift  notes  is 
abnormal  with  respect  to_the  other  devices  which  were  exposed  to  this 
testing.  Not  included  in  x calculations. 

Conformal  coated  and  epoxy  encapsulated. 


TABLE  XXII.  57-mm  TEST  DATA  TABLES 


r 


Tube  No. 

SVl 

T 

Pretest 

M0‘Ss) 

T 

Post -test 
<10'Ss) 

AT 

<10*9s> 

B2 

40 

96.8572 

96.8604 

3.2 

41 

100.4117 

100.4964 

84. 72 

42 

100.6090 

100.5976 

-11.4 

43 

97.6872 

97.6884 

1.2 

B2  1 

44 

99.2118 

99.2135 

1.7 

B 

3 

45 

96.1355 

96.1345 

-1.0 

46 

97.9278 

97.9280 

0.2 

47 

96.9503 

96.9507 

0.4 

48 

96.5461 

96.5437 

-2.4 

B3  j 

49 

98.4714 

98.4759 

4.5 

B 

4 

50 

96.3960 

96.3915 

-4.5 

51 

98.6918 

226.6093 

128  x 10" 

j 

52 

98.2704 

98.2777 

7.3 

53 

97.0522 

97.0548 

2.6 

B4 

54 

96.5254 

96.5245 

-0.9 

B5 

55 

98.3624 

98.3614 

-1.0 

56 

100.3242 

100.3251 

0.9 

57 

102.5099 

102.5065 

-3.4 

58 

96.8195 

96.8193 

-0.2 

B 

5 

59 

101.4149 

101.4188 

3.9 

B 

6 

60 

96.70t9 

96.6956 

-6.3 

1 

61 

96.9168 

245. 1698 

148  x 10*' 

62 

97.8539 

97.8565 

2.  6 

i 

63 

96.5915 

96.5882 

-3.3 

B 

6 

64 

98.2037 

98.2027 

-1.0 

■ 

65 

96.7654 

96.7655 

0. 1 

■ 

m 

66 

98.6381 

98.6438 

5.7 

m 

67 

96.9218 

96.9257 

3.9 

i 

68 

100.3128 

100.3093 

-3.5 

B 

7 

69 

97.7258 

97.7299 

4.1 

B8 

70 

96.6022 

96.6060 

3.8 

71 

97.6763 

(3) 

72 

97.1253 

97.1332 

7.9 

73 

100.5127 

100.5179 

5.2 

74 

100.1799 

100.1848 

4.9 

B9 

75 

97.2722 

(4) 

76 

98.3246 

<4> 

B9 

77 

98.1930 

(4) 

x - 0.81  (Excludes  SN41,  51.  61) 

a * 18 

* Encapsulated  with  epoxy  only. 

2 .Q 

T drift  exceeds  50  x 10  s specification  requirement. 

3 The  output  was  at  -12.8  Vdc. 

* The  tube  was  lost  during  57-mm  testing  . 
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TABLE  XXIII.  57-mm  TEST  DATA  TABLES 


Tube  No. 

SN1 

T 

Pretest 

(10'6s> 

T 

Post-test 

il0'6s) 

AT 

(10*9s) 

B2 

238 

97.0545 

97.0575 

3.0 

239 

99.2567 

99.2595 

2.8 

240 

99.3927 

99.3972 

4.5 

241 

98.3836 

98.3876 

4.0 

B2 

242 

98.1765 

98.1856 

9.1 

B3 

243 

97.0255 

(2) 

244 

99.8742 

99.8846 

10.4 

245 

99.0798 

99.0893 

9.5 

246 

102.5493 

102.5528 

3.5 

B3 

247 

99.2361 

99.2389 

2.8 

B4 

248 

97.9495 

97.9504 

0.9 

249 

96.3596 

96.3692 

9.6 

250 

100.4600 

100.4598 

-0.2 

251 

98.4990 

98.5020 

3.0 

B4 

252 

97.1961 

97.1974 

1.3 

B5 

253 

98.5151 

98.5205 

5.4 

254 

100.6174 

100.6296 

12.2 

255 

97.0131 

97.0167 

3.6 

256 

97.0768 

97.0825 

5.7 

B5 

257 

98. 1690 

98.1696 

0.6 

B6 

258 

100.6110 

100.6119 

0.9 

259 

98.1559 

98.1558 

-0.1 

260 

98.1408 

98.1398 

-1.0 

261 

99.2832 

99.2849 

1.7 

B6 

263 

98.4077 

98.4121 

4.4 

B7 

264 

102.3091 

102.3156 

6.5 

265 

98.0587 

98.0645 

7.8 

266 

98.3515 

98.3563 

4.8 

267 

98.6359 

98.6361 

0.2 

B7 

268 

98.8229 

98.8245 

1.6 

B8 

269 

96.6696 

96.6731 

3.5 

270 

98.0867 

98.0929 

6.2 

271 

96.2629 

96.2667 

3.8 

272 

100.7808 

100.7824 

1.6 

B8 

273 

99.3674 

99.3712 

3.8 

B9 

274 

99.1425 

(3) 

275 

98.4370 

(3) 

B9 

276 

97.9988 

(3) 

X • 4.04 

o * 3.31 

t Devices  encapsulated  with  silicone  and  epoxy 

2 The  output  was  at  -12.4  Vdc 

3 The  tube  was  lost  during  57-mm  testing 


SILICONE  AND 
EPOXY 

35-UNIT  SAMPLE 
1 UNIT  FAILED 


35-UNIT  SAMPLE 
4 UNITS  FAILED 


Histograms  of  period  change  through  57-mm  testing. 


180  DEVICES 


1 


I 


Group  A electrical  test  results  revealed  that  the  10-kHz  TAB  HMO  performed  well  within  the 
specification  requirements.  The  TCT  characteristics  are  displayed  on  histograms  in  appendix  E. 
The  oscillator  TCT  ranged  from  30  to  40  ppm/°C  across  the  temperature  range  from  +71°  to 
-56°C.  The  supply  currents  were  typically  2.0  mAdc.  Rise  times  and  fall  times  ranged  from 
200  X 10*9  to  400  X 10'9  s across  the  temperature  range  + 71°  to  -50 °C.  The  time  high  was  typi- 
cally 48  X 10-«  to  52  X 10-6  s across  the  temperature  range  from  +71°  to  -55°C.  The  period 
changes  noted  during  the  voltage  sensitivity  testing  are  displayed  on  a histogram  in  appendix  F. 
No  failures  were  noted  during  the  group  A electrical  tests. 

3.6. 1 Temperature  Cycle  Test 

Twenty-five  TAB  HMOs  exposed  to  temperature  cycle  testing  were  inadvertently  placed  in  a test 
where  the  upper  limit  was  +125°C  instead  of  the  specified  +71  °C.  Electrical  data  are  contained 
in  table  XXIV.  Three  devices  exhibited  excessive  period  drift.  The  devices  were  exposed  to  an 
additional  eight  temperature  cycles  from  +125°  to  -55°C.  The  remaining  22  devices  exhibited 
minor  period  drifts  during  the  additional  eight  temperature  cycles.  Analysis  of  the  devices 
exhibiting  excessive  period  drifts  revealed  that  the  resistance  value  of  Rl  increased.  Failure 
analysis  of  the  three  devices  which  failed  is  documented  in  appendix  G. 

Another  sample  of  25  TAB  HMOs  was  exposed  to  temperature  cycle  testing  per  HDL  drawing 
11726813  (these  devices  were  previously  exposed  to  the  30-kg  shock  test).  The  electrical  data  are 
contained  in  table  XXV,  and  figure  24  is  a histogram  displaying  the  period  drift.  All  of  the  devices 
meet  the  ±250  X 10‘9  s specification  requirements. 

3.6.2  Shock  Test 


Twenty-five  TAB  HMOs  were  exposed  to  30-kg  shock  testing  per  HDL  drawing  11726813.  The 
electrical  data  are  contained  in  table  XXVI,  and  figure  25  is  a histogram  displaying  period  drift. 
All  devices  met  the  ±20  X 10"9  s specification  requirements. 

3.6.3  Constant  Acceleration  Test 

Twenty-five  TAB  HMOs  were  exposed  to  constant  acceleration  testing  per  HDL  drawing 
11726813.  This  test  was  performed  by  HDL.  Electrical  data  are  contained  in  table  XXVII,  and 
figure  26  is  a histogram  displaying  the  period  drift.  All  devices  met  the  ±50  X 10’9  s specification 
requirement. 

3.6.4  Moisture  Resistance  Test 

Twenty-five  TAB  HMOs  were  exposed  to  moisture  resistance  testing  per  MIL-STD-883,  Method 
1004.1.  This  test  is  not  a requirement  of  HDL  drawing  11726813.  Thirteen  of  the  devices  were 
electrically  functioning  during  the  moisture  resistance  test.  However,  the  power  supply  voltage 
was  inadvertently  reversed  (+23.5  Vdc).  This  reversal  electrically  overstressed  the  devices. 
Thirteen  TAB  HMOs  previously  exposed  to  shock  and  temperature  cycle  tests  were  used  to 
complete  the  moisture  resistance  testing  (see  figure  23).  Electrical  data  are  contained  in  table 
XXVIII,  and  figure  27  is  a histogram  displaying  the  period  drift.  All  the  devices  exhibited  minor 
period  drifts. 
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TABLE  XXIV.  TEMPERATURE  CYCLE  TEST  DATA  (+125°  to  -55°C) 


Exhibits  excessive  period  drift 


TABLE  XXV.  TEMPERATURE  CYCLE  TEST  DATA  (+71°  to  -55°C) 


SN 

T 

Pretest 

(10'6s) 

T 

Post -test 
(10“6s) 

AT 

(10_9s) 

113 

97.2878 

97.2838 

-4.0 

117 

98.9704 

98.9612 

-9.2 

118 

100.9021 

100.9038 

+1.7 

119 

100.5530 

100.5517 

-1.3 

120 

99.4740 

99.4724 

-1.6 

121 

97.1327 

97.1287 

-4.0 

122 

100.5480 

100.5412 

-6.8 

123 

97.6068 

97.6023 

-4.5 

124 

97.0560 

97.0552 

-0.8 

125 

98.4590 

98.4576 

-1.4 

126 

100.5174 

100.5182 

+0.8 

127 

100.6390 

100.6407 

+1.7 

128 

100.4144 

100.4114 

-3.0 

129 

101.1517 

101.1541 

+2.4 

130 

100.4309 

100.4332 

+2.4 

131 

98.8778 

98.8799 

+2.1 

132 

96.9546 

96.9543 

-0.3 

133 

98.9789 

98.9786 

-0.3 

134 

98.3896 

98.3890 

-0.6 

135 

98.2517 

98.2509 

-0.8 

136 

100.5459 

100.5440 

-1.9 

137 

99.7650 

99.7662 

+ 1.2 

138 

98.8969 

98.8939 

-3.0 

139 

99.1353 

99.1384 

+3.1 

140 

98.7467 

98.7488 

+2.1 

x = -1.04 
a = 3 . 055 
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TABLE  XXVI.  SHOCK  TEST  DATA 


SN 

T 

Pretest 

(10‘6s) 

T 

Post -test 
(10“6s) 

AT 

(10"9s) 

113 

97.2915 

97.2925 

+ 1.0 

117 

98.9733 

98.9716 

-1.7 

118 

100.9131 

100.9095 

-3.6 

119 

100.5609 

100.5607 

-0.2 

120 

99.4818 

99.4804 

-1.4 

121 

97.1361 

97.1337 

-2.4 

122 

100.5471 

100.5486 

+ 1.5 

123 

97. 6100 

97.6108 

+0.8 

124 

97.0607 

97.0614 

+0.7 

125 

98.4626 

98.4638 

+ 1.2 

126 

100.5226 

100.5229 

+0.3 

127 

100.6485 

100.6467 

-1.8 

128 

100.4204 

100.4186 

-1.8 

129 

101.1593 

101.1593 

0 

130 

100.4383 

100.4381 

-0.2 

131 

98.8854 

98.8844 

-1.0 

132 

96.9613 

96.9600 

-1.3 

133 

98.9819 

98.9824 

+0.5 

134 

98.3940 

98.3928 

-1.2 

135 

98.2548 

98.2586 

+3.8 

136 

100.5463 

100.5497 

+3.4 

137 

99.7699 

99.7727 

+2.8 

138 

98.8949 

98.8965 

+1.6 

139 

99.1415 

98.1431 

+1.6 

140 

98.7527 

98.7529 

+0.2 

x = 0.112 

a s 1.816 


TABLE  XXVII.  CONSTANT  ACCELERATION  TEST  DATA 


■ 


* 

o — 

*•  © 

* C 

t~ 

ft. 

lO 

N © 

7 7 7 7 ¥ ♦ 2 7 ¥ ~ ¥ ? 7 ♦ ¥ 7 ♦ 7 ♦ 7 7 ¥ ¥ ♦ 7 *-  ° 

H ** 

T 

Post-test 

o-rajMUt'M»i>co"i'^:.  fonur,  t'NsjtNKix  © 

<e©:n©©t'*ao:o»*r-«*iino*,ine>icoi'»ao«o©e'5:n;>»© 

ctr-©M»««knM©©in©-**f»Mnt-©?orcx©i^ 

©«f-®o©»r»  — ©©ao©r»©o«©©r-©»i'-©3o 

3i  j<  * c.  o a s si  o a r.  e o a n o 3i  o ai  a e a e j,  ■- 

71 

2.  _ 

— "v. 

-'So 

t ~ 

a 

© — 
in  i- 

•f»!'ia33©n«i'«so»’f«»i»»NN*rni*ro-'<o^ 

d»-dMNONM-dddcid"OdN««ONO''*d« 

1 + 1 1 ♦ 1 • ♦•♦»+♦»  1 4-  + I | 1 + | + + 

M H 

71 

a.  _ 

X cn 
H ©<? 

S 2 

r;»©int^©— •inMt-t»»©c^M©-*©— «Min-»r-©Mix  o 

oiffl-acoi'Bfai'OieoM'rHfjjE-rioi'o-a 

'N»t~©-H®mnin-H©©in©-H-t,coe>*?3r-©«?n»©t' 

aMi'aOsoat'HEoaxi'^OMOioi'Mai'aM 
a a a a o a a a o a a a e a :.  o a o a a a a a a 

4J 

S 'o 

p'Nx-epietNaainoNinoNM-acM'r©:.  n 
^s»mm©'0©»m©©  — to  s,  Min©-©®©inr»~3x;©m 
a»t-©-«»«t»:in?M©©in©—«tMM«r-©enw»ot- 
inin»<©t»®©in— <©?—  — ©©?^in»r»rin©^,«rM— 

a b t-  ao  a a i>  - a o as  i-  o a a d a t>  a a t-  © » 

© © © © o © © © © © © © © © © o © © » © © © © © ® 

* — 

1® 

71 

£T 

Pre  to  Post 
.(> 

no  s) 

*r  w 

M f 

*r»M®in©©inmt-«rinm.nin«tasin--r»©©®o*t© 

o-dd'f©o©>in'-oo?iolo«d'i-"inl'H©oo- 
♦ •*•♦*♦♦♦♦*•  i++iii  lit  it  i 

H M 

C.  9, 

{-I1? 

2 © 

o — 

a a t«  in  n -«  ©M?i-«©in©M33-«©t^t©©«»f»r{niy  © 

©>rieieNio»fEM*rON»c)>f>i'<»OBanH'rB 

M^-in  — »!y?m»r-^©©inr.  — 'r»wnr-©»f«oo©i- 
intn  — iflt»ooain  — ©t»  — ?,  (onin«t*fio©^«fn—  «f 

©®t-»o©»r-  — ©©»©t-©o®o©t-©©t^©© 

©5.  ©©0©©©0©©©  ©©©©©©©©©©©©© 

71 

a. 

H o© 
<>£  © 
t ~ 

a ■ 

in  rr 

EOlOl'ifi-OOt'xMNOOaiflMNNSBOnNNrB 

i*ai'a«ia-<?i«MaNnafiHfNi»a''roi'dMf'N 

• • • i i • • • i • i • • • i i • • i i t — i • • i 

% 

N M 

71 

a.  _ 
a * 
HgT 

S 2 
«3 

?o©M©M?«»c»;©^»in©®©  — ©r-r^^MOooin^io 
-f-aocoaaf-aa^EOfxMat'X'fMt'Ot' 

aBi'BOBat--Massi-aosooi'ast'aa 

© © © © o © © © © © © © © © © © © © © © © © © © © 

* ■ 

ticc 

?2 
a.  c 

©Ninn0i80nr*»t»"<»i»flata®©i*>*#0n 

— — o©in©  — •f-c©woQ®ttn»or- 

aa«at'B©a«0[»H©ia(*1nt’fao^'tnH^ 

iesi>flOi£»f«Eisngdhib6nOit'htd»^gico' 

®©©©0©©©0©©©C.®©0©0©©©©©©© 

M 

X 

J I 

NNNNNSNNNNNNNNNNNNfINNNNNN 

z 

7) 

Bt'#ao,HfN«*rin®i'coa«N3i^inict'aao- 

aaiftaBaBMfflBaaifBt'i'i'i'i'i'i'f'i'sa 

N 


72 


Orientation  of  Hybrid  Oscillator  in  Fixture. 


10”9s) 


Figure  26.  Histogram  of  period  drift  during  constant  acceleration  testing. 


TABLE  XXVIII.  MOISTURE  RESISTANCE  TEST  DATA 


SN 

T 

Pretest 

(10_6s) 

T 

Post -test 
(10’6s) 

AT 

(10"9s) 

34 

' 1 

99.1028 

99.1233 

+20.5 

36 

100. 6441 

100.6688 

+ 24.7 

37 

97.5007 

97.5912 

+90.5 

40 

99.3538 

99.3811 

+27.3 

42 

97.5086 

97.5309 

+ 22.3 

44 

98.5187 

98.5194 

+ 0.7 

45 

97.9259 

97.952 

+26.2 

47 

97.2724 

97.2826 

+ 10.3 

48 

98.5373 

98.5641 

+ 26.8 

50 

96.8174 

96.8482 

+ 30.8 

51 

98.2195 

98.2361 

+ 16.6 

52 

99.2427 

99.2611 

+ 18.4 

54 

98.8681 

98.8872 

+ 19.1 

1 1 3 1 

97.2884 

97.3017 

+ 13.3 

117 

98.9605 

98.9769 

+ 16.4 

118 

100.9041 

100.9462 

+ 42.1 

119 

100.5512 

100.5780 

+26.8 

120 

99.4725 

99.4949 

+22.4 

121 

97.1295 

97.1627 

+33.2 

122 

100.5413 

100.5824 

+41.1 

123 

97. 6034 

97.6357 

+32.3 

124 

97.0561 

96.9547 

-101.4 

125 

98.4577 

98.4780 

+20.3 

126 

100.5188 

100.5330 

+ 14.2 

127 

100.6405 

100.6587 

x = +20.52 

a = 30.19 

+18.2 

devices  SN113  to  127  were  biased  with  -23.5  Vdc 
during  moisture  resistance  testing. 
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3.6.5  High  Temperature  Storage  Tost 


Twenty-five  TAB  HMOs  were  exposed  to  high  temperature  storage  testing  per  HDL  drawing 
11726813.  Electrical  data  are  contained  in  table  XXIX,  and  figure  28  is  a histogram  displaying 
the  period  drift.  One  device,  SN86,  exhibited  a 502.5  X 10'9  s drift,  which  exceeded  the  ±250  X 
10*9  s specification  limit.  Failure  analysis  of  SN86  is  documented  in  appendix  G. 
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TABLE  XXIX.  HIGH  TEMPERATURE  STORAGE  TEST  DATA 


SN 

T 

Pretest 

(10'6s) 

T 

Post-test 

(10"6s) 

AT 

(10_9s) 

82 

100.9752 

100.9922 

17.0 

83 

98.6800 

98.6713 

-8.7 

84 

100.4135 

100.4411 

27.6 

85 

97.1190 

97.1283 

9.3 

86 

98.6439 

99.1464 

502. 51 

87 

97.2643 

97.3063 

42.0 

88 

98.2677 

98.2981 

30.4 

89 

97.7234 

97.7848 

61.4 

90 

97.2832 

97.0499 

-233.3 

91 

102.6594 

102.7122 

52.8 

93 

98.1010 

98.1426 

41.6 

94 

98.5404 

98.6138 

73.4 

95 

99.2764 

99.3313 

54.9 

96 

98.5154 

98.5637 

48.3 

97 

101.5140 

101.5737 

59.7 

98 

99.6821 

99.7403 

58.2 

103 

99.0191 

99.0442 

25.1 

104 

100.3747 

100.4210 

46.3 

105 

98.9602 

98.9883 

28.1 

106 

97.4401 

97.4931 

53.0 

108 

99.2671 

99.3023 

35.2 

109 

97.3076 

97.3072 

-0.4 

110 

97.6938 

97.7381 

44.3 

111 

98.7137 

98.7541 

40.4 

112 

99.0514 

99.1024 

51.0 

x = 27.4 

(Excludes  SV86) 

a = 59.01 

Period  drift  exceeds  +250  x 10  s 
specification  requirement. 


4.  Conclusions  and  Recommendations 


The  interface  monolithic  integrated  circuit  utilizing  low  drop  Schottky  diodes  to  float  the  sub- 
strate was  unacceptable  for  use  in  the  XM587/724  fuze.  Fabrication  of  this  design  with  a dielec- 
tric isolation  process  should  be  investigated. 

The  Phase  I and  Phase  II  monolithic  amplifier  designs  were  incorporated  in  the  10-kHz  TAB 
HMO.  No  significant  differences  were  noted  in  the  electrical  characteristics  of  the  10-kHz  TAB 
HMO  when  utilizing  Phase  I and  Phase  II  monolithic  amplifiers.  However,  a 200-kHz  parasitic 
oscillation  was  noted  when  a failure  mode  was  induced  in  the  twin-T  network  of  the  10-kHz  TAB 
HMO.  The  Phase  II  monolithic  amplifier  was  selected  for  future  10-kHz  TAB  HMO  fabrication. 
The  monolithic  amplifiers  were  fabricated  by  one  manufacturer.  Another  source  should  be 
developed  to  fabricate  the  monolithic  amplifier. 

Major  elements  of  the  10-kHz  TAB  HMO  are  the  monolithic  amplifier,  NPO  ceramic  chip  capaci- 
tors, and  low  TCR  thick  film  resistors  which  are  contained  on  the  substrate.  The  low  TCR  film 
resistor  system  is  available  from  one  manufacturer.  An  alternative  concept  or  low  TCR  thick  film 
resistor  system  should  be  developed  as  a backup  for  the  present  source. 

The  electrical  data  obtained  on  approximately  400  TAB  HMOs  show  that  the  design  concept 
performs  well  within  the  specified  requirements  of  HDL  drawing  11726813. 

Investigation  of  two  encapsulating  techniques  during  TAB  HMO  fabrication  revealed  superior 
electrical  performance  when  a silicone  barrier  layer  covered  the  substrate  (i.e.,  solid  epoxy  encap- 
sulation increased  the  thick  film  resistor  TCR’s  by  a factor  of  2).  Future  TAB  HMO  fabrication 
will  utilize  a silicone  barrier  layer. 

The  TAB  HMOs  were  fabricated  by  using  a plastic  case  which  was  covered  with  a conductive 
paint  to  form  a shield.  The  conductive  paint  exhibited  cracking  and  crazing  after  exposure  to 
an  elevated  temperature  ( + 125°C)  for  extended  periods  of  time  (500  hr).  Future  TAB  HMO 
fabrication  should  utilize  a metal  case  to  house  the  substrate  and  maintain  reliable  shielding 
characteristics. 

Exposure  of  approximately  400  TAB  HMOs  to  temperature  cycle,  30-kg  shock,  constant  accel- 
eration, high  temperature  storage,  moisture  resistance,  and  57-mm  testing  revealed  that  the  elec- 
trical and  mechanical  performance  was  well  within  the  specified  requirements  of  HDL  drawing 
11726813.  The  environmental  testing  verified  that  the  materials  selected  for  the  10-kHz  TAB 
HMO  design  concept  are  electically  stable,  mechanically  sound,  and  chemically  compatible. 
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INTERFACE  CIRCUIT 

1.  SCOPE 

1.1  Scope.  This  specification  covers  the  detailed  requirements  for  the  Interface  Circuit 
for  a general  purpose  artillery  time  fuze.  This  circuit  will  be  fabricated  by  silicon 
monolithic  integrated  circuit  technology  within  a single  package. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents,  of  the  issue  in  effect  on  the  date  of  invitation  for  bids  or 
request  for  proposal,  form  a part  of  the  specification  to  the  extent  specified  herein. 

SPECIFICATIONS 

MILITARY 

MIL-M-38510  - Microcircuits,  General  Specification  for 
MIL-M-55565  - Microcircuits,  Packaging  of 
MIL-Q-9858  - Quality  Program  Requirements 

STANDARDS 

MILITARY 

MIL-STD-883  - Test  Methods  and  Procedures  for  Microelectronics 

(Copies  of  specifications,  standards,  drawings  and  publications  required  by  suppliers  in 
connection  with  specific  procurement  functions  should  be  obtained  from  the  procuring  activity 
or  as  directed  by  the  contracting  officer. 

3.  REQUIREMENTS 

3.1  Samples 

3.1.1  First  article  sample.  Prior  to  the  start  of  regular  production,  except  when  produc- 
tion on  a new  contract  at  the  same  facility  follows  within  90  days  production  of  acceptable 
material  under  this  specification,  the  contractor  shall  manufacture  and  submit  a first 
article  sample  of  182  units  using  as  far  as  possible  the  methods  and  processes  proposed  for 
quantity  production.  When  processes  differ  from  the  production  processes,  they  shall  be 
basically  equivalent  and  shall  be  fully  described  in  documentation  submitted  with  the  first 
article  sample.  The  sample  shall  conform  to  the  requirements  of  this  specification. 
Additional  samples  that  may  be  required  because  of  failure  of  the  sample  to  meet  the  require- 
ments of  this  specification  shall  be  supplied  by  the  contractor  at  his  expense.  Prior  to 
approval  of  the  first  article  sample,  acquisition  of  parts  and  materials  or  initiation  of 
production  will  be  at  the  sole  risk  of  the  contractor. 

3.1.2  Supplemental  sample.  A supplemental  sample  of  182  devices  will  be  required  whenever 
there  is  a change  in  design,  material,  or  process  which  the  Government  Technical  Agency 
believes  may  affect  safety,  operability,  reliability  or  interchangeability.  In  all  cases, 
such  changes  will  require  prior  approval  of  the  procuring  activity. 
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3.1.3  Lot  acceptance  sample.  A test  sample  comprising  a sufficient  number  of  devices  to 
meet  LTPD  and  maximum  acceptance  number  requirements  for  each  test  subgroup  (as  shown  in 
Tables  1,  2,  and  3)  shall  be  randomly  selected  from  each  lot  submitted  for  acceptance. 

Choice  of  the  maximum  acceptance  number  for  each  subgroup  will  require  a test  sample  of 
182  devices.  Choice  of  less  than  the  maximum  acceptance  number  will  permit  a smaller  test 
sample. 

3.1.4  Comparison  sample.  Ten  devices  selected  at  random  from  each  accepted  lot  (not  from 
acceptance  sample)  or  as  specified  by  the  Government  Technical  Agency  shall  be  shipped 
within  two  working  days  after  lot  acceptance. 

3.2  Construction.  The  device  shall  be  constructed  in  accordance  with  the  applicable 
drawing  on  sheet  20. 

3.3  Performance  requirements.  Performance  requirements  cited  in  Tables  1,  2,  and  3 of  this 
specification  are  mandatory. 

3.4  Markings . The  following  minimum  markings  shall  apply:  index  point,  part  number, 
inspection  lot  identification  code,  manufacturer's  identification,  as  described  in 
MIL-M-3851 0. 

3.5  Workmanship.  All  parts  shall  be  manufactured  and  finished  in  a thoroughly  workmanlike 
manner  to  insure  satisfactory  functioning  and  durability.  (See  MIL-M-38510,  paragraph  3.7). 

3.6  Additional  requirements.  The  following  paragraphs  of  MIL-M-38510  also  form  a part  of 
this  specification. 

3. 4. 1.1  General 

3. 4. 2.1  Change  of  product  or  process 

3.5.2  Metals 

3.5.3  Other  materials 

3.5.4  Design  documentation  including  subparagraphs 

3.5.5  Internal  conductors 

3.6  Marking  of  microcircuits  including  only  3.6.1 , .2,  .3 , .4,  and  .8 

3.7  Workmanship  including  3.7.1  and  3.7.1 . 1 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  inspection.  Unless  otherwise  specified  in  the  contract  or  purchase 
order,  the  supplier  is  responsible  for  the  performance  of  all  inspection  requirements  as 
specified  herein.  Except  as  otherwise  specified  in  the  contract  or  order,  the  supplier  may 
use  his  own  or  any  other  facilities  suitable  for  the  performance  of  the  inspection  require- 
ments specified  herein,  unless  disapproved  by  the  Government.  The  Government  reserves  the 
right  to  perform  any  of  the  inspections  set  forth  in  the  specification  where  such  inspec- 
tions are  deemed  necessary  to  assure  supplies  and  services  conform  to  prescribed  requirements 

4.1.1  Contractor  quality  assurance  system.  The  contractor  shall  provide  and  maintain  an 
adequate  quality  assurance  system  in  compliance  with  MIL-Q-9858. 
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4.2  First  article  sample  inspection.  Inspection  shall  be  as  specified  in  this  document  and 
referenced  paragraphs  of  MIL-M- 38510.  The  contractor  shall  notify  the  Government  prior  to 
proceeding  with  inspection  to  permit  Government  witnessing. 

4.2.1  First  article  lot  formation.  The  contractor  shall  provide  182  devices  for  inspection 
in  accordance  with  paragraph  3.1.1. 

4.2.2  First  acticle  serialization.  The  devices  to  be  used  for  tests  witn  electrical  limits 
or  endpoints  shall  be  serially  numbered  from  1 to  158,  inclusive.  The  remaining  24  devices 
to  be  measured  for  solderability,  lead  integrity,  and  external  dimensions  may  be  mechanically 
representative  electrical  rejects  and  are  to  be  numbered  R1  to  R24,  inclusive. 

4.2.3  First  article  sample  tests.  The  first  article  sample  shall  be  examined  and  tested  in 
accordance  with  the  flow  chart  shown  in  figure  1 and  the  tests  specified  in  Tables  1,  2,  and 
3. 

4.2.4  Approval  of  first  article  sample.  If  the  sample  passes  the  criteria  of  specified 
examinations  and  tests,  it  shall  be  approved.  If  the  sample  fails  in  any  of  the  examinations 
and  tests,  the  failure  analysis  will  be  conducted  by  the  contractor  under  Government  surveil- 
lance. The  results  of  the  tests  and  failure  analysis  of  the  units,  together  with  the 
engineering  analysis  of  the  units,  shall  form  a basis  for  corrective  action.  Depending  upon  I 
the  degree  of  corrective  action  deemed  necessary  by  the  Government,  the  first  article  sample 
may  be: 

a.  Accepted,  provided  recommended  changes  are  made  by  the  contractor  prior  to  start 

of  regular  production  or  during  production  of  the  first  lot  as  prescribed  by  the  Government. 

In  the  latter  case,  such  portions  of  first  article  sample  inspections  needed  to  verify 
corrective  action  may  be  included  in  the  acceptance  requirements  of  the  lot,  at  the 
Government's  discretion. 

b.  Rejected,  and  new  samples  for  approval  required  for  the  tests  failed  and  for 
related  tests  which  might  be  invalidated  by  the  corrective  action. 

c.  Rejected,  and  a complete  new  sample  required  for  approval. 

In  all  cases,  the  contractor  shall  comply  with  any  required  changes  to  the  satisfaction  of 
the  Government  for  the  duration  of  the  contract. 

4.2.5  Reinstitution  of  tests.  Acceptance  of  the  first  article  sample  does  not  relieve  the 
contractor  from  meeting  all  requirements  of  this  specification  throughout  the  contract.  The 
Government  reserves  the  right  to  independently  verify  all  requirements  by  repeating  first 
article  sample  tests  or  any  portion  thereof  on  any  production  lot.  If  such  verification 
indicates  failure  to  meet  requirements  previously  verified  by  first  article  sample  tests,  the 
contractor  will  be  required  to  take  corrective  action.  If  the  requirements  are  not  met  on 
the  first  lot  to  which  the  correction  can  be  applied,  the  Government  reserves  the  right  to 
institute  tightened  inspection  on  a lot  basis,  by  adding  to  the  normal  lot  acceptance  inspec- 
tions all  or  such  parts  of  the  first  article  sample  tests  needed  to  verify  corrective  action. 
Normal  acceptance  inspection  will  be  resumed  after  two  consecutive  lots  have  satisfactorily 
passed  the  tightened  conditions. 
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4.3  Acceptance  inspection.  Inspection  shall  be  as  specified  in  this  document  and 
referenced  paragraphs  of  MIL-M-38510.  The  contractor  shall  notify  the  Government  prior  to 
proceeding  with  inspection  to  permit  Government  witnessing. 

4.3.1  Lot  information.  A lot  shall  consist  of  devices  produced  at  one  manufacturing 
location  in  accordance  with  stabilized  methods  and  techniques,  and  the  same  drawing  and 
specification  and  revisions  under  continuous  production. 

4.3.2  Inspection  lot  size.  An  inspection  lot  is  defined  as  a maximum  of  20,000  devices 

or  the  quantity  produced  over  a 30-calendar-day  period  whichever  is  smaller,  presented  for 
acceptance  at  one  time.  No  minimum  lot  size  is  specified  for  procurements  less  than  50,000 
units.  Procurements  for  50,000  units  or  more  shall  have  a minimum  lot  size  of  2000  for 
lot  1;  5000  for  all  subsequent  lots. 

4.3.3  Selection  of  sample.  At  the  time  a completed  lot  is  presented  to  the  Government  for 
acceptance,  the  designated  Government  representative  shall  select  from  the  lot  a random 
sample  of  devices  sufficient  in  number  to  conduct  required  tests  on  the  lot  to  the  maximum 
specified  accept  number  for  the  specified  LTP0.  All  devices  to  be  used  for  tests  with 
electrical  limits  or  endpoints  shall  be  serially  numbered.  The  lot  presented  for  acceptance 
shall  be  placed  in  bonded  storage  immediately  after  lot  acceptance  samples  have  been 
selected,  and  shall  remain  under  Government  control  until  all  acceptance  tests  have  been 
completed,  or  the  lot  has  been  rejected.  All  samples  shall  be  in  bonded  storage  except 
when  actually  under  test  or  environmental  conditioning. 

4.3.4  Lot  acceptance  sample  tests.  The  lot  acceptance  sample  as  specified  in  3.1.3  shall 
be  examined  and  tested  in  accordance  with  the  flow  chart  shown  in  figure  1 and  the  tests 
specified  in  Tables  1,  2,  and  3.  Where  less  than  182  devices  are  chosen  for  test,  the 
device  numbers  and  maximum  accept  numbers  will  be  adjusted  accordingly  with  the  following 
provisions:  (1)  sequence  of  testing  will  be  as  shown  in  Figure  1,  and  (2)  all  group  A 
tests  will  be  performed  on  sequentially  numbered  devices  beginning  with  number  1. 

4.3.5  Lot  acceptance  sample  approval.  If  the  sample  passes  the  criteria  of  the  specified 
examinations  and  tests,  the  lot  shall  be  approved.  If  the  sample  fails,  resubmission  pro- 
cedures cited  in  MIL-M-38510  paragraph  4. 3. 3.1  are  applicable. 


4.4  Quality  conformance  inspection. 
Groups  A,  B,  and  C inspections. 


Quality  conformance  inspection  shall  consist  of 


4.4.1  Group  A inspection, 
specified  in  Table  1 . 


Group  A inspection  shall  consist  of  the  examination  and  tests 


4.4.2  Group  B inspection.  Group  B inspection  shall  consist  of  the  examination  and  tests 
specified  in  Table  2.  Devices  used  for  Subgroups  Bl,  B2,  and  B3  inspection  shall  have  been 
subjected  to  Subgroup  A1  tests.  Any  device  failing  Subgroup  A1  tests  shall  be  removed  from 
the  Group  B sample  and  replaced  with  a unit  that  has  passed  those  tests.  Such  initial 
failures  shall  not  be  counted  as  Group  B failures.  Devices  used  for  Subgroups  B4,  B5,  and 
B6  may  be  electrically  defective  devices  from  the  same  production  lot  from  which  the 
inspection  sample  was  drawn.  They  must  be  mechanically  representative.  Group  B tests  are 
considered  destructive  tests,  and  separate  devices  are  to  be  used  in  each  of  the  subgroups. 
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4.4.3  Group  C inspection.  Group  C Inspection  shall  consist  of  the  tests  specified  in 
Table  3.  Devices  used  for  Group  C inspection  shall  have  been  subjected  to  Subgroup  A1 
tests.  Any  device  failing  Subgroup  A1  tests  shall  be  removed  from  the  Group  C sample  and 
replaced  with  a unit  that  has  passed  those  tests.  Such  initial  failures  shall  not  be 
counted  as  Group  C failures. 

4.5  Methods  of  examination  and  test.  Methods  of  examination  and  test  shall  be  as  specified 
in  Tables  1,  2,  and  3 and  as  follows: 

4.5.1  Inspection  conditions.  All  measurements  shall  be  made  at  TA  (ambient  temperature)  * 
+25  +5°C  unless  otherwise  specified.  Test  measurements  shall  not  be  started  nor  shall  any 
voltages  be  applied  to  the  circuit  under  test  until  the  device  under  test  has  reached 
thermal  equilibrium  at  the  specified  temperature. 

4.5.2  Measurements.  All  voltages  are  measured  with  respect  to  Pin  5 (ground)  unless  other- 

wise specified.  The  input  impedance  of  the  instrumentation  used  for  all  output  voltage 
measurements  shall  be  greater  than  1 megohm  resistance  and  less  than  12  picofarads  capaci- 
tance. Applied  test  voltages  shall  be  as  specified  +0.1  volt.  Record  actual  measurements 
to  the  nearest  0.1  volt,  1 usee,  or  the  nearest  .01  milliampere  unless  otherwise  specified. 

Record  measurements  V8A,  V8A0,  V88,  and  V8ED  to  the  nearest  0.01  volt. 

4.6  Data  recording.  A written  record  shall  be  made  of  the  results  of  all  examinations  and 

tests  performed  as  specified  elsewhere  in  section  4 of  this  specification.  The  test  data 
shall  be  recorded  on  80  column  standard  data  processing  punch  cards,  or  other  computer 

compatible  input  medium  approved  by  the  Government.  Data  from  each  operating  test  shall  be 

recorded.  Data  layout  of  the  card  shall  be  approved  by  the  Government.  The  completed  cards 
shall  be  forwarded  to  the  designated  Government  agency  within  two  working  days  after  the 
Government  acceptance  of  the  item  or  lot.  If  inspections  are  conducted  on  a sublot  basis, 
the  acceptance  data  for  each  sublot  shall  be  so  identified. 

4.6.1  Variables  data.  The  variables  data  required  to  be  recorded  for  those  devices  in 
each  subgroup  called  out  in  the  notes  to  figure  1 are  shown  on  sheets  11  through  20. 

4.6.2  Data  format.  The  variables  data  shall  be  tabulated  in  a format  which  will  permit  a 
single  parameter  for  the  complete  sample  to  be  summarized  on  a single  page.  A typical 
format  including  sample  data  is: 


TABLE  1 TEST 

Device  Identification  V3A  Volts 


Date  Code 

Unit  No. 

-50°C 

+20°C 

+71°C 

75-42 

21 

-2.49 

-2.46 

-2.41 

75-42 

22 

-2.58 

-2.54 

-2.50 

INTERFACE  CIRCUIT 


TABLES  2 AND  3 TESTS 


Device  Identification 
Date  Code  Unit  No. 

75-42  51 

75-42  52 


V8A  Volts 

Before  Envir.  After  Envir. 


4.7  Additional  provisions.  The  following  paragraphs  of  MIL-M-38510  also  form  a part  of 
this  specification. 

4.1  Responsibility  for  inspection  (including  all  subparagraphs) 

4. 3. 2.1  Disposal  of  samples 

4. 3. 2. 2 Destruction  tests 

4. 3. 3.1  Resubmission  of  failed  lots 

4.3.4  Test  method  deviation 

4.3.5  Procedure  in  case  of  test  equipment  failure  or  operator  error 

4. 4.2.1 .6  Data 

5.  PREPARATION  FOR  DELIVERY 

Preparation  for  delivery  shall  conform  to  paragraph  5 of  MIL-M-38510  and  MIL-M-55565 
level  C. 

6.  NOTES 

6.1  Sampling  plan.  The  following  table  is  included  for  reference.  All  numbers  are  taken 
from  LTPD  Sampling  Plan. 


SUBGROUP 

TEST 

LTPD 

NO 

QUANTITY 

AQL 

A1 

Operational  Test 

5 

4 

158 

1.3 

A2 

High  Temperature 

15 

1 

25 

1 .4 

A3 

Low  Temperature 

15 

1 

25 

1.4 

B1 

Temperature  Cycling 

15 

1 

25 

1.4 

B2 

Constant  Acceleration 

15 

1 

25 

1.4 

B3 

High  Temperature  Storage 

15 

1 

25 

1.4 

B4 

Solderabil ity 

30 

0 

8 

0.64 

B5 

Lead  Integrity 

30 

0 

8 

0.64 

B6 

External  Dimensions 

30 

0 

8 

0.64 

Cl 

Gun  Fire 

10 

1 

38 

0.94 
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6.2  The  device  Is  designed  for  low  cost  production;  therefore,  only  the  paragraphs  of 
MIL-M-38510  that  have  been  cited  In  this  document  are  applicable. 

6.3  On  sheets  11  through  19  the  MIN  and  MAX  limits  refer  to  the  absolute  value  of  the 
number  given.  For  example  on  sheet  17,  the  MIN  value  of  -3.6  volts  means  that  the  minimum 
bias  voltage  shall  be  3.6  volts  or  greater.  This  means  that  numbers  like  3.8,  3.9,  4.0, 
4.1  volts,  etc.  are  acceptable. 
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FIGURE  1 NOTES 


1.  Variables  date  will  be  recorded  for  devices  #1  through  #25.  GO/NO  GO  data  permissible 
for  devices  #26  through  #158  except  that  variables  data  will  also  be  recorded  for  all 
failed  devices. 

2.  Variables  data  will  be  recorded  for  all  devices. 

3.  Variables  data  will  be  recorded  for  first  ten  devices.  GO/NO  GO  data  permissible  for 

the  remaining  devices  in  subgroup. 

4.  Thirty-eight  devices  which  successfully  passed  Subgroup  A1  will  be  supplied  to 
HOL  for  either  vertical  recovery  firing  in  a 57-mm  projectile  or  30,000  g air  gun 
test  and  returned  to  contractor  for  retesting. 

5.  Devices  #101  and  #102  are  included  in  sample  as  spares.  They  will  not  be  measured 
except  as  a replacement  for  a government-certified  "no  test". 

6.  Electrically  defective  devices  from  the  same  production  batch  from  which  the  acceptance 

lot  was  formed  may  be  used  for  the  Subgroups  B4,  B5,  and  B6  acceptance  tests. 

7.  The  maximum  accept  number  (MAN)  given  for  each  subgroup  applies  to  the  summation  of 
failures  in  all  tests  within  the  subgroup.  However,  a failure  of  the  same  device  in  more 
than  one  test  within  the  subgroup  will  only  count  as  one  failure. 

8.  When  the  same  devices  are  required  in  a series  of  tests,  a failed  device  may  be 
replaced  by  another  device  for  the  next  subgroup  test  without  test  in  the  subgroup  in  which 
the  failure  occurred.  For  example,  a device  which  fails  the  Subgroup  A2  tests,  will  be 
replaced  by  a device  for  Subgroup  A3  test  without  test  in  Subgroup  A2.  However,  all  devices 
must  pass  Subgroup  A1  test  before  subsequent  tests. 


Pin  8 at  -13.0V,  Measure  at  Pin  7 V7B  -8.6  -7.8  Volts 
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1.1  Scope.  This  specification  covers  the  detail  requirements  for 

a precision  oscillator  for  a general  purpose  artillery  time  fuze.  The 
oscillator  will  be  fabricated  by  hybrid  technologies  within  a single 
package . 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents,  of  the  issue  in  effect  on  the  date  of 
invitation  for  bids  or  request  for  proposal,  form  a part  of  the 
specification  to  the  extent  specified  herein. 
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MILITARY 

MIL-A-2550  - Ammunition  and  Special  Weapons, 

General  Specification  for 

MIL-M-38510  - Microcircuits,  General  Specification  for 
MIL-M-55565  - Microcircuits,  Packaging  of 


MIL-Q-50829  (MU) 

STANDARDS 


Quality  Assurance  Provisions  for 
Proximity  Fuzes  and  Related  Components 


MILITARY 

MIL-STD-105  - Sampling  Procedures  and  Tables  For  Inspection 
by  Attributes 


MIL-STD-883 


Test  Methods  and  Procedures  for  Microelectronics 


(Copies  of  specifications,  standards,  drawings  and  publications  required 
by  suppliers  in  connection  with  specific  procurement  function  should  be 
obtained  from  the  procuring  activity  or  as  directed  by  the  contracting 
officer. ) 
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3.  REQUIREMENTS 

3.1  Samples.  The  contractor  Is  responsible  for  all  requirements  for 
providing  and  testing  of  samples  as  prescribed  herein.  When  this 
specification  is  assigned  to  a subcontractor,  it  shall  be  the  prime 
contractor's  responsibility  to  insure  that  sample  requirements  are 
met.  The  prime  contractor  shall  notify  the  Government  at  the  time  of 
assignment  to  a subcontractor  whether  the  testing  will  be  performed 

by  the  prime  or  by  the  subcontractor,  as  well  as  the  method  of  control 
by  the  prime  contractor. 

3.1.1  First  article  sample.  Prior  to  the  start  of  regular  production, 
except  when  production  on  a new  contract  at  the  same  facility  follows 
within  90  days  production  of  acceptable  material  under  this  specifica- 
tion, the  contractor  shall  manufacture  and  submit  a first  article 
sample  of  174  units  using  as  far  as  possible  the  methods  and  processes 
proposed  for  quantity  production.  When  processes  differ  from  the 

-production  processes,  they  shall  be  basically  equivalent  and  the  difference 
shall  be  fully  described  in  documentation  submitted  with  the  first  article 
sample.  The  sample  shall  conform  to  the  requirements  of  this  specification. 
Additional  samples  that  may  be  required  because  of  failure  of  the 
sample  to  meet  the  requirements  of  this  specification  shall  be  supplied 
by  the  contractor  at  his  expense.  Prior  to  approval  of  the  first 
article  sample,  acquisition  of  parts  and  materials  or  initiation  of 
production  will  be  at  the  sole  risk  of  the  contractor. 

3.1.7  Supplemental  sample.  At  the  Government's  discretion  a supple- 
mental sample  of  174  units  may  be  required  whenever  there  is  a break 
in  production  continuity  of  90  days  or  more,  or  a change  in  design, 
material  or  process  which  may  affect  safety,  operability,  reliability, 
or  interchangeability  as  defined  by  the  Requirements  (3.3).  In  all 
cases,  such  changes  will  require  prior  approval  of  the  procuring 
activity. 

3.1.3  Comparison  sample.  Ten  devices  selected  at  random  from  each 
accepted  lot  (not  from  acceptance  sample)  or  as  specified  by  the 
Government  Technical  Agency  shall  be  shipped  within  two  working  days 
after  lot  acceptance  to  the  agency  designated  by  the  Government. 
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3.2  Construction.  The  device  shall  be  constructed  in  accordance  with 
the  applicable  drawings  (sheets  22  and  23)  to  the  extent  prescribed  herein. 

3.2.1  Materials.  Materials  shall  be  those  specified  by  the  applicable 
drawings . 

3.2.2  Dimensions  and  technical  notes. 


3. 2. 2.1  Listed.  Those  dimensions  and  technical  requirements  listed 
in  the  Classification  of  Defects  are  mandatory. 

3. 2. 2. 2 Unlisted.  The  contractor  may  propose  changes  to  characteristics 
shown  on  the  drawings  for  the  purpose  of  adapting  the  item  to  established 
manufacturing  practices.  Such  proposals  must  be  accompanied  by  evidence 
that  the  change  does  not  affect  the  function  of  the  item  and  that  all 
requirements  will  be  met.  If  the  Government  confirms  the  contention 

of  the  contractor,  the  change  will  be  approved  for  the  duration  of  the 
contract.  In  case  of  dispute,  the  characteristics  of  the  drawings 
shall  apply.  Approval  of  a change  under  provisions  of  this  paragraph 
does  not  relieve  the  contractor  from  establishing  and  maintaining 
an  adequate  quality  assurance  program  as  elsewhere  required.  Provi- 
sions of  this  paragraph  shall  not  be  used  to  obtain  approval  for  use 
of  discrepant  material  (i.e.,  produced  before  approval  is  obtained); 
or  for  design  changes,  which  should  be  requested  in  accordance  with 
change  provisions  of  the  contract  document. 


Note:  It  is  expected  that  the  above  changes  will  normally  be  accomplished 
prior  to  the  construction  of  the  First  Article  Approval  Sample 
and  reflected  therein. 


3. 2. 2. 3  Interchangeability.  While  the  dimensions  and  tolerances  shown 
in  the  drawings  and  specifications  will  generally  insure  satisfactory 
products,  the  contractor  is  notified  that  some  selection  or  matching 
• may  be  required  to  obtain  combinations  which  provide  proper  function  or 
economic  use  of  components.  The  contractor  is  responsible  for  selecting 
c^.  ’ ' ’Mons  of  tolerances  within  the  specified  limits  which  satisfy  his 
process  needs  and  also  meet  the  specified  performance  and  fit  require- 
ments. 
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3.3  Performance  requirements.  Performance  requirements  cited  in  Tables 
1,  2,  and  3 of  this  specification  are  mandatory. 

3.4  Markings.  The  following  minimum  markings  shall  apply:  part  number, 
inspection  lot  identification  code  and  manufacturer's  identifications 

as  described  in  MIL-M-38510. 

3.5  Workmanship.  All  parts  shall  be  manufactured  and  finished  in  a 
thoroughly  workmanlike  manner  to  insure  satisfactory  functioning  and 
durability.  (See  MIL-M-38510,  paragraph  3.7) 


3.6  Additional  requirements.  The  following  paragraphs  of  MIL-M-38510 
also  form  a part  of  this  specification. 


3.4. 1.1 

3. 4. 2.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

3.6 

3.7 


General 

Change  of  product  or  process 
Metals 

Other  materials 

Design  documentation  including  subparagraphs 
Internal  conductors 

Marking  of  microcircuits  including  only 
3.6.1,  .2,  .3,  .4  and  .8 
Workmanship  including  3.7.1,  3. 7. 1.1  and 
3. 7. 1.2 


4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  inspection.  Unless  otherwise  specified  in  the 
contract  or  purchase  order,  the  supplier  is  responsible  for  the  performance 
of  all  inspection  requirements  as  specified  herein.  Except  as  otherwise 
specified  in  the  contract  or  order,  the  supplier  may  use  his  own  or  any 
other  facilities  suitable  for  the  performance  of  the  inspection  require- 
ments specified  herein,  unless  disapproved  by  the  Government.  The 
Government  reserves  the  right  to  perform  any  of  the  inspections  set  forth 
in  the  specification  where  such  inspections  are  deemed  necessary  to 
assure  supplies  and  services  conform  to  prescribed  requirements . 

4.1.1  Contractor  quality  assurance  system.  The  contractor  shall,  provide 
and  maintain  an  adequate  quality  assurance  system  in  compliance  with 
MIL-Q-50829  (MU) . 
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4.2  Government  verification.  All  quality  assurance  operations  performed 
by  the  contractor  will  be  subject  to  Government  verification  in 
compliance  with  MIL-Q-50829  (MU) . 

4.3  First  article  sample  inspection.  Inspection  shall  be  as  specified 
in  this  document  and  referenced  paragraphs  of  MIL-M-38510.  The  tests 
shall  be  performed  by  the  contractor  under  the  observation  of  the 
Government  OA  representative  and/or  a representative  of  the  cognizant 
technical  agency.  The  contractor  shall  supply  complete  data  in  repro- 
ducible form  on  the  contractor  tests  and  examinations  of  the  first 
article  approval  sample  units.  The  data  and  tested  samples  shall  be 
delivered  to  the  technical  agency. 

4.3.1  First  article  lot  formation.  The  contractor  shall  provide  174 
devices  for  inspection  in  accordance  with  paragraph  3.1.1. 

4.3.2  First  article  serialization.  The  devices  to  be  used  for  tests 
with  electrical  limits  or  endpoints  shall  be  serially  numbered  from  1 
to  158  inclusive.  The  remaining  16  devices  to  be  measured  for 
solderability  and  lead  strength  may  be  mechanically  representative 
electrical  rejects  and  are  to  be  numbered  R1  to  R16,  inclusive. 

4.3.3  First  article  sample  tests.  The  first  article  sample  shall  be 
examined  and  tested  in  accordance  with  the  Performance  Requirements  (3.3), 
Material  and  Component  Certification  (4.8.1)  and  the  flow  chart  shown 

in  Figure  1. 

4.3.4  Approval  of  first  article  sample.  If  the  sample  passes  the 
criteria  of  specified  examinations  and  tests,  it  shall  be  approved. 

If  the  sample  fails  in  any  of  the  examinations  and  tests,  failure 
analysis  shall  be  conducted  by  the  contractor  under  Government 
surveillance.  The  results  of  the  tests  and  failure  analysis  of  the 
units,  together  with  the  engineering  analysis  of  the  units,  shall 
form  a basis  for  corrective  action.  Depending  upon  the  degree  of 
corrective  action  deemed  necessary  by  the  Government,  the  first 
article  sample  may  be: 
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a.  Conditionally  approved  with  the  provisions  that  the 
recommended  changes  are  made  by  the  contractor  prior  to  start  of 
regular  production  or  during  production  of  the  first  lot  as  prescribed 
by  the  Government.  Such  portions  of  first  article  inspections  needed 
to  verify  corrective  action  may  be  included  in  the  acceptance  require- 
ments of  the  lot,  at  the  Government's  discretion. 

b.  Disapproved,  and  new  samples  required  for  the  tests  failed 
and  for  related  tests  which  might  be  invalidated  by  the  corrective 
action. 

c.  Disapproved,  and  a complete  new  sample  required  for 
approval. 

In  all  cases,  the  contractor  shall  comply  with  any  required  changes 
for  the  duration  of  the  contract. 

4.3.5.  Reinstitution  of  tests.  Acceptance  of  the  first  article  sample 
does  not  relieve  the  contractor  from  meeting  all  requirements  of  this 
specification  throughout  the  contract.  The  Government  reserves  the 
right  to  independently  verify  all  requirements  by  repeating  first 
article  sample  tests  or  any  portion  thereof  on  any  production  lot. 

If  such  verification  indicates  failure  to  meet  requirements  previously 
verified  by  first  article  sample  tests,  the  contractor  will  be 
required  to  take  corrective  action.  If  the  requirements  are  not  met 
on  the  first  lot  to  which  the  correction  can  be  applied,  the  Government 
reserves  the  right  to  institute  tightened  inspection  on  a lot  basis, 
by  adding  to  the  normal  lot  acceptance  inspections  all  or  such  parts 
of  the  first  article  sample  tests  needed  to  verify  corrective  action. 
Normal  acceptance  inspection  will  be  resumed  after  two  consecutive 
' lots  have  satisfactorily  passed  the  tightened  conditions. 

4.4  Acceptance  inspection.  Inspection  shall  be  as  specified  in  this 
document  and  referenced  paragraphs  of  MIL-M-38510.  The  contractor 
shall  notify  the  Government  prior  to  proceeding  with  inspection  to 
permit  Government  witnessing  at  the  Government's  discretion. 
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4.4.1  Lot  formulation.  A lot  shall  consist  of  devices  produced  at  one 
manufacturing  location  under  the  following  conditions:  continuous 
production,  stabilized  methods  and  techniques,  and  the  same  revision 

of  drawings  and  specification  except  for  those  introduced  without 
obsolescence. 

4.4.2  Inspection  lot  size.  An  inspection  lot  is  defined  as  a 
maximum  of  .20,000  devices  or  the  quantity  produced  over  a 30-calendar- 
day  period  whichever  is  smaller,  presented  for  acceptance  at  one  time. 
No  minimum  lot  size  is  specified  for  procurements  less  than  50,000 
units.  Procurements  for  50,000  units  or  more  shall  have  a minimum 
lot  size  of  2000  for  lot  1;  5000  for  all  subsequent  lots. 


4.4.3  Selection  of  sample.  At  the  time  a completed  lot  is  presented 
to  the  Government  for  acceptance,  the  designated  Government 
representative  shall  select  from  the  lot  a random  sample  of  devices 
sufficient  in  number  to  conduct  required  tests  (as  shown  in  Tables  1, 

2,  and  3)  on  the  lot  to  the  maximum  acceptance  number  for  the  specified 
LTPD.  Choice  of  less  than  the  maximum  acceptance  numbers  will 

permit  a smaller  test  sample  as  tabulated  in  MIL-M-38510  Table  B-l. 

All  devices  to  be  used  for  tests  with  electrical  limits  or  endpoints 
shall  be  serially  numbered.  The  lot  presented  for  acceptance  shall 
be  placed  in  bonded  storage  immediately  after  lot  acceptance  samples 
have  been  selected,  and  shall  remain  under  Government  control  until 
all  acceptance  tests  have  been  completed,  or  the  lot  has  been  rejected. 
All  samples  shall  be  in  bonded  storage  except  when  actually  under 
test  or  environmental  conditioning.  For  sampling  other  than  LTPD, 
MIL-STD-105  inspection  level  II  applies. 

4.4.4  Lot  acceptance  sample  tests.  The  lot  acceptance  sample  shall 
be  examined  and  tested  in  accordance  with  the  Performance  Requirements 
(3.3),  Material  and  Component  Certification  (4.8.1)  and  the  flow  chart 
shown  in  Figure  1.  Where  less  than  174  devices  are  chosen  for  test, 
the  device  numbers  and  maximum  accept  numbers  will  be  adjusted 
accordingly  with  the  following  provisions:  (1)  sequence  of  testing  will 
be  as  shown  in  Figure  1 and  (2)  all  group  A tests  will  be  performed  on 
sequentially  numbered  devices  beginning  with  number  1. 
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4. A. 5 Lot  acceptance  approval.  If  the  sample  passes  the  criteria 
of  the  specified  examinations  and  tests,  the  lot  shall  be  approved. 

If  the  sample  fails,  resubmission  procedures  cited  in  MIL-M-38510 
paragraph  4. 3. 3.1  are  applicable. 

4.4.6  Data  recording.  A written  record  shall  be  made  of  the  results 
of  all  examinations  and  tests  performed  as  specified  elsewhere  in 
section  4 of  this  specification.  The  test  data  shall  be  recorded  on 
80  column  standard  data  processing  punch  cards,  or  other  computer 
compatible  input  medium  approved  by  the  Government.  Data  from  each 
operating  test  shall  be  recorded.  Data  layout  of  the  card  shall  be 
approved  by  the  Government.  The  completed  cards  shall  be  forwarded 
to  the  designated  Government  agency  within  two  working  days  after 
the  Government  acceptance  of  the  item  or  lot.  If  inspections  are 
conducted  on  a sublot  basis,  the  acceptance  data  for  each  sublot 
shall  be  so  identified.  (Engineering  information,  section  6). 

4.5  Quality  conformance  inspection.  Quality  conformance  inspection 
shall  consist  of  Group  A,  B,  and  C inspections. 

4.5.1  Group  A inspection.  Group  A inspection  shall  consist  of  the 
examinations  and  tests  specified  in  table  1. 

4.5.2  Group  B inspection.  Group  E inspection  shall  consist  of  the 
examinations  and  tests  specified  in  table  2.  Devices  used  for  Group 
B inspection  shall  have  been  subjected  to  Subgroup  A1  tests.  Any 
device  failing  Subgroup  A1  tests  shall  be  removed  from  the  Group 

B sample  and  replaced  with  a unit  that  has  passed  Subgroup  A1 
requirements.  Such  initial  failures  shall  not  be  counted  as  Group 
B failures.  With  the  Government's  permission,  the  solderability 
and  lead  integrity  tests  may  be  conducted  with  electrical  rejects. 
Group  B tests  are  considered  destructive  tests,  and  separate  devices 
shall  be  used  in  each  of  the  subgroups. 
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4.5.3  Croup  C inspection.  Group  C inspection  shall  consist  of  the 
tests  specified  in  table  3.  Devices  used  for  Group  C inspection 
shall  have  been  subjected  to  Subgroup  A1  tests.  Any  device  failing 
Subgroup  A1  tests  shall  be  removed  from  the  Group  C sample  and 
replaced  with  a unit  that  has  passed  Subgroup  A1  requirements. 

Such  initial  failures  shall  not  be  counted  as  Group  C failures. 

4.6  Methods  of  examination  and  test.  Methods  of  examination  and  test 
shall  be  as  specified  in  tables  1,  2,  and  3 and  as  follows. 

4.6.1  Inspection  conditions.  All  measurements  will  be  made  at  an  ambient 
temperature  of  +25°C  +5°C  unless  otherwise  specified.  Test  measurements 
shall  not  be  started  nor  shall  any  voltages  be  applied  to  the  circuit  under 
test  until  the  device  under  test  has  reached  thermal  equilibrium  at  the 
specified  temperature.  The  manufacturer  shall  be  responsible  for  establishing 
that  thermal  equilibrium  has  been  achieved. 

4.6.2  Measurements . All  voltages  are  measured  with  respect  to  pin  2 
(ground).  All  measurements  will  be  made  with  pin  1 (shield)  connected 
to  pin  2 (ground).  Measurements  will  be  made  with  a supply  voltage  (B-) 
of  -23.5V  at  pin  4 unless  otherwise  specified.  Current  is  measured 
through  pin  4 with  a meter  that  responds  to  average  current.  Applied 
test  voltages  shall  be  as  specified  +0.1  volt  unless  otherwise  specified. 
Record  actual  measurements  to  nearest  0.1  volt,  0.01  raa,  0.1  ohm,  0.001 
inch,  0.1  psec  unless  otherwise  specified.  Measure  period  within  10  seconds 
of  application  of  B-  voltage.  Record  period  (1,000  period  average)  to 
nearest  0.001  psec.  External  connections  to  pin  3 (output)  shall 

have  an  impedance  of  not  less  than  10  Meg  ohm  in  parallel  with  12  pf.  Terms 
such  as  maximum,  minimum,  increasing  and  decreasing  refer  to  magnitudes  of 
electrical  quantities. 
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4.6. 2.1  Group  A.  All  measurements  will  be  made  at  a supply  voltage  of 
-23.5  volts  unless  otherwise  specified.  Measure  rise  time  between  -7,0V  and 
-2.0V.  Measure  fall  time  between  -2.0V  and  -7.0V.  Measure  time  high  at 
-5.0V  thresholds  starting  at  the  positive  going  transition, 

4. 6. 2. 2 Group  B.  Measure  periods  TS1  and  TS3  within  one  hour  before 
acceleration  and  shock  respectively.  Measure  periods  TS2  and  TS4 
within  one  hour  after  acceleration  and  shock  respectively, 

4. 6. 2. 3 Temperature  control.  Each  group  of  period  measurements  listed 
below  shall  be  made  at  the  same  temperature,  within  the  tolerance 
specified. 


Test  Subgroup 
A1 
B1 
B2 
• B3 
B4 
Cl 


Measurement  Symbols 
TA,  TJ,  TG 
TT1,  TT2 
TS1,  TS2 
TT3,  TT4 
TS3,  TS4 
TGA,  TGB 


Temperature 

Tolerance 

+leC 

+2*C 

+2“C 

42*C 

+1*C 

+2*C 


4.7  Data  recording.  A written  record  shall  be  made  of  the  results 
of  all  examinations  and  tests  performed  as  specified  elsewhere  in 
section  4.  Summary  scores  shall  be  recorded  for  each  subgroup,  and 
these  scores  plus  the  variables  data  identified  in  4.7.1  and  in  the 
notes  to  figure  1 shall  be  delivered  with  each  lot. 

4.7.1  Variables  data.  The  variables  data  required  to  be  recorded 
for  those  devices  in  each  subgroup  called  out  in  the  notes  to 
figure  1 are  shown  in  Table  1 Subgroups  Al,  A2;  in  Table  2 Subgroups 
Bl,  B2,  B3,  B4;  and  in  Table  3 Subgroup  Cl. 

4*7.2  Data  format.  The  variables  data  shall  be  tabulated  in  a 
format  which  will  permit  a single  parameter  for  the  complete  sample 
to  be  summarized  on  a single  page.  A typical  format  including 
sample  data  is: 
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TABLE  1 SUBGROUP  1 TEST 


Device  Identification 

Current  IA, 

mA 

Date  Code 

Unit  No. 

-50°C 

25°C 

71°C 

75-42 

21 

-2.3 

-2.3 

-2.6 

75-42 

22 

-2.1 

-2.2 

-2.5 

TABLE  2 and  3 TESTS 

Device  Identification  Period,  Microseconds 

Date  Code  Unit  No.  Before  Envir.  After  Envir. 


75-42  51  101.076  101.003 

75-42  52  98.317  98.301 


4.8  Additional  provisions.  The  following  paragraphs  of  MIL-M-38510 
also  form  a part  of  this  specification. 


4.1 

4. 3. 2.1 

4. 3. 2. 2 
4. 3. 3.1 

4.3.4 

4.3.5 

4. 4. 2. 1.6 


Responsibility  for  inspection  (including  all 
subparagraphs) 

Disposal  of  samples 
Destructive  tests 
Resubmission  of  failure  lots 
Test  method  deviation 

Procedure  in  case  of  test  equipment  failure 
or  operator  error 
Data 


4.8.1  Material  and  component  certification.  Prior  to  acceptance  under 
this  procurement,  the  contractor  shall  demonstrate  by  means  of  certifi- 
cations or  statement  of  findings  that  only  materials  and  components 
.conforming  to  the  item  specification  and  drawings  have  been  used. 
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. ■ PREPARATION  FOR  DELIVERY 


5.1  Preparation  for  delivery  shall  conform  to  MIL-M-55565,  level  C. 

5.1.1  In  addition  to  the  contract  or  purchase  order  number,  the 
shipping  label  shall  make  reference  to  this  specification. 

6.  NOTES 

6.1  Items  to  be  included  in  the  procurement  documents. 


6.1.1  Documents.  Procurement  documents  should  specify  the  title,  date, 
and  number  of  this  specification. 

6.1.2  Samples.  The  number  of  units  should  be  increased  to  include  the 
samples  as  required  in  3.1.1  and  4.4.3  since  they  are  not  included  in  the 
number  of  units  required  for  delivery. 

6.1.3  Government  testing  of  comparison  samples.  These  samples  arc 
subject  to  retesting  by  the  Government  to  insure  that  first  article 
approval  requirements  continue  to  be  met.  Failure  of  these  samples 
will  not  affect  the  acceptance  of  the  lot,  but  may  indicate  future 
mandatory  action. 

6.1.4  Data  requirements.  The  following  data  are  required  by  this 
specification  to  be  furnished  to  the  Government  and  should  be  entered 
on  DD  Form  1423  for  each  contract: 

First  Article  Test  Results  (4.3) 

Examination  and  Test  Records  on  Data  Processing 
Cards  (4.4.6) 

OTL-Q-50829  (MU) , Par.  3.6.1  — Contractor- furnished 
Designs 

6.2  Advisory  documents.  The  following  documents  are  not  part  of  this 
specification,  but  may  provide  useful  data  to  the  contractor.  Copies 
are  available  for  reference  at  the  Harry  Diamond  Laboratories. 


StZF  COt>e  IDtNT  NO 


11726813 


1 


6.3  The  following  table  is  Included  for  reference.  All  numbers  are  taken 
from  LTPD  Sampling  Plans. 


SUBGROUP 

TEST 

LTPD 

MAX 

ACC 

NO 

MAXIMUM 

QUANTITY 

AQL 

Al 

Oscillator  Characteristics 

5 

4 

158 

1.3 

A2 

Electrostatic  Shield  & Visual 

20 

1 

18 

2.0 

B1 

Temperature  Cycling 

15 

1 

25 

1.4 

B3 

High  Temperature  Storage 

15 

1 

25 

1.4 

B4 

Shock 

15 

1 

25 

1.4 

B5 

Solderability 

30 

0 

8 

0.64 

• B6 

Lead  Integrity 

30 

0 

8 

0.64 

Cl 

Gun  Fire 

10 

1 

38 

0.94 

6.4  Engineering  information.  Upon  request,  copies  of  the  data  collected 
in  the  acceptance  of  a lot  will  'be  made  available  to  the  Government 
representative.  Additional  data  or  data  requiring  special  tests,  when 
needed  for  engineering  purposes,  will  be  specifically  defined  by  the 
contract. 

6.5  P.esults  of  Table  3,  Subgroup  Cl  test.  If  the  Government  does  not 
return  the  devices  to  the  contractor  within  30  working  days,  Table  3 
Subgroup  Cl  test  will  not  be  a requirement  for  acceptance. 

6.6  Approved  Source.  Approved  source  of  supply: 

Honeywell,  Inc. 

Defense  Systems  Division 
600  Second  St.  NE 
Hopkins,  MN  55343 


SIZE 

CODE  IDENT  NO. 

A 

19202 

11726813 

ia 

a I1.! 

j SMSn 

TTof  23 
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Figure  1 Notes 

1.  Variables  data  shall  be  recorded  for  devices  #1-25  in  subgroups  A1 . 
GO/NO  GO  data  will  be  recorded  for  all  other  devices  except  that  variables 
data  will  be  recorded  for  all  failed  devices. 

2.  Variables  data  shall  be  recorded  on  the  first  10  devices  in  subgroups 
B1 , B2,  B3,  B4,  and  Cl.  GO/NO  GO  data  is  acceptable  for  the  remaining 
devices  in  these  subgroups. 

3.  Thirty  eight  devices  which  successfully  passed  subgroup  A1  tests  will 
be  supplied  to  HDL  for  vertical  recovery  firing  the  57-mm  projectile 
(Subgroup  Cl)  and  returned  to  the  contractor  for  retesting. 

4.  Electrically  defective  devices  from  the  same  production  lot  from 
which  the  acceptable  lot  was  formed  may  be  used  for  subgroups  B5  and  B6. 


TABLE  1 : GROUP  A INSPECTION 
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APPENDIX  B 

TEMPERATURE  COEFFICIENT  OF  PERIOD  DATA  AND 
HISTOGRAMS  FOR  210  TAB  HMOs  FABRICATED 
WITH  PHASE  I MONOLITHIC  AMPLIFIER 


i 


uaiw 

Jw4  ‘ITEMS  

MFfiN  - 30. £3360 

ST,  TiF".  - 4,19955 


HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 
BETWEEN  25  C AHO  71  C.  TAB  OSCILLATORS  WERE 
TED  WITH  A CONFORMAL  COAT  BARRIER 


LAYER  OVER  THE  SUBSTRATE. 


rOFFFiriFNT  OF 

SKEWNESS  - 

-.37339 

XBfiR  + t SIOMfi 

34.4331 

XBfiR  - 1 SIOMfi 

33,0340 

XBfiR  + 3 SIOMfi 

33,3337 

XBfiP  - 3 SIOMfi 

31,3345 

XBfiR  + 3 SIOMfi 

43.3333 

XBfiR  - 3 SIOMfi 

17. 3349 

1,  t - I 4000 

37 , 4*5000 

59 , 43O00 

3 1 , 3500O 

33 . 49O00 

1.9.510100 

37. 43O00 

='9 . *5*5000 

3 1 , 33000 

93.  7,3000 

30, 33000 

37, 33000 

99 , 3.4000 

3 1 , 39000 

33,  75000 

3 1 . *59000 

33. 09000 

99, 35000 

3 1 , 70000 

33 , 99OO0 

34.  4*5000 

33, 13000 

99, 81000 

3 1 . 73000 

34 , 030O0 

34 . 3 1 000 

33, 13000 

99, 37000 

31 , 34000 

34, 33000 

34.77000 

33, 130O0 

90. 33000 

33 . 03000 

34 , 5000O 

3*5. 13000 

33,91000 

30,43000 

33, 14000 

34 , 53000 

3*5.  13000 

33.31000 

30, 43000 

33, 15000 

34 . 33000 

9*5,  * 3000 

33,33000 

30.  *50000 

33, 13000 

34 , 33000 

3*5, 37000 

33.39000 

30 . *53000 

33, 37000 

35, 13000 

33 , 07000 

33.43000 

30, 79000 

33, 53000 

35. 57000 

33. 1O000 

33,47000 

30, 33000 

33, 3300O 

35,31000 

33,31000 

33,43000 

30 , 930100 

33,39000 

33,44000 

93,33000 

93.73000 

50 , 97000 

33,30000 

33 . 33000 

33, 33000 

33 , 7*5000 

30. 99000 

33.93000 

33, 73.000 

33 . 37000 

33,33000 

3 1 , 1 0000 

33,95000 

37, 43000 

33 . 39000 

33.33000 

31 , 13000 

33,00000 

37 , 73000 

33 , 97000 

93,33000 

31 . 35000 

33, O9000 

33 , 090OO 

37. 19000 

99, 03000 

31 , 430O0 

33, 13000 

4 1 , 24O00 

97.  3*5000 

39. 30000 

3 1 , 59800 

33 , 35000 

TIFF  IMF  ORfiPH 

I 

MTFRUfil.  '3 

TiFF INF  LOWER 

ORfiPH  LIMIT  '10 

BFF INF  UPPER 

ORfiPH  LIMIT  '41 

er 

1.0,  0000 

- 

1 2 . 0101001 

1 

1 ;9 . 0000 

- 

1 4 , 0000 

fl 

1 4 . 0000 

- 

1 3 , 00100 

01 

1 3 , 03100 

- 

1 3 . 0101001 

0 

1 3 - 31000 

- 

20 . 00010 

1 

20  - 013100 

- 

23 , 010100 

2 

XX 

22 - 0000 

- 

24 , 00001 

0 

94  - 3101010 

- 

23 , 0000 

7 

xxxxxxx 

23  - 0010101 

- 

28,0000 

13 

V V V V V V V V V V V 
r.  fi  f ■.  0 t r.  .• -i  f -i 

93 . 01000 

- 

30,  00001 

24 

xxxxxxxxxxxxxxxxxxxxxxxx 

301 , 010100 

- 

32 , 01000 

21 

xxxxxxxxxxxxxxxxxxxxx 

32 . 0000 

- 

34,0000 

19 

xxxxxxxxxxxxxxxxxxx 

34-0000 

- 

33,0000 

9 

xxxxxxxxx 

33,0000 

- 

38,0000 

ri 

xxxxx 

33.0000 

- 

40,0000 

1 

A 

40 . 0000 

- 

42.0000 

1 

A 

0 "fil.lJFIS!  BELOW  LOWER  LIMIT 
0 "fil  l JE 1 31  fiBOUF  UPPER  LIMIT 


^>od0^Ugt^U4 


1 04  'ITEMS 

MEAN  ~ 
ST,  DEC-  - 


DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 

BETWEEN  7T  C 'AND  45  C.  "TAB  Os'cTllAToRS~WERe 

ENCAPSULATES  UTTH  A CONFORMAL"  CW  BAhfe^Ek 
™ • 80448  lAVEITMETHE  SUBSTRATE.  V” 

4 . 36646  — — — — 


COEFFICIENT  OF  SKEWNESS  ~ 1,32673 


XBAR  + t SIGMA 

37, 1703 

XBAR  - 1 SIGMA 

28.4380 

XBAR  + 2 SIGMA 

41,5374 

XBAR  - 2 SIGMA 

24,0715 

XBAR  + 3 SIGMA 

45,9038 

XBAR  - 3 SIGMA 

19,7050 

PO.  44000 

30, 03000 

31.350O0 

33. 85000 

36, 16000 

34- 10000 

30, 14000 

32, 1600O 

33.87000 

36,20000 

24 . 1 9000 

30. 1 SOOO 

32, 180O0 

33,31000 

36,21000 

26 . 1 SOOO 

30. 23000 

32,24000 

33,92000 

36.430O0 

PS , 36000 

30 , 32000 

32,35000 

33,99000 

36.75000 

26 , 74000 

30,44000 

32,38000 

33,99000 

37, 02000 

ft 7.  1 7000 

30, 44000 

32,41000 

34,06000 

37,04000 

?7. 1 7000 

30,56000 

32,43000 

34. 10000 

37,09000 

37,37000 

30,73000 

32,49000 

34,31000 

37, 22000 

p7 . 59000 

30,83000 

32,61000 

34,34000 

37 , 4O000 

R7, £3000 

30.96000 

32,62000 

34 , 73O00 

37 , 43OO0 

ps . o i.  ooo 

31,01000 

32.73000 

34.84000 

37,66000 

PS, 17000 

31,03000 

32.73000 

34,90000 

37, 73000 

PS- PS ooo 

31 , 10000 

33,05000 

34.99000 

37,77000 

PS- 76000 

31,31000 

33. 14000 

35, 18000 

38.08000 

PS. 30000 

31,33000 

33, 16000 

35,25000 

38,84000 

PS- 33000 

31.34000 

33, 16000 

35,42000 

38.91000 

PS, 04000 

31,37000 

33,54000 

35.7P000 

40,26000 

P3 , 1 PO00 

31,76000 

33,71000 

35,73000 

40.67000 

P3, 4 SOOO  31,35000 
33,47000  31.SS0O0 

DEFINE  GRAPH  INTERUAL  '2 
DEFINE  LOWER  GRAPH  LIMIT  !2 
DEFINE  UPPER  GRAPH  LIMIT  !5 

33.80000 

33.81000 

0 

7 

35,77000 

36,01000 

56,98000 

po . oooo 

- 

22 , 0000 

i 

pp , 0000 

- 

24 , 0O00 

0 

P4 - OOOO 

- 

26 , 0000 

2 

P6 - OOOO 

- 

28,0000 

8 

PS , OOOO 

- 

30,0000 

10 

30, OOOO 

- 

32 , 0000 

22 

3P - OOOO 

- 

34 , 0000 

26 

34 - OOOO 

~ 

36 , OOOO 

14 

36,0000 

- 

38 - 0000 

15 

38 , OOOO 

- 

40, 0000 

•5 

40 . OOOO 

- 

42,0000 

£ 

42 - 0000 

- 

44,0000 

0 

44 - 0000 

- 

46 , OOOO 

0 

46,0000 

- 

48.0000 

0 

48 - OOOO 

- 

50 , 0000 

0 

50 , 0000 

- 

52,0000 

0 

5P - OOOO 

- 

54 , OOOO 

0 

54-0000 

- 

56 , OOOO 

0 

56 , OOOO 

- 

58, 0000 

1 

X 

XX 

xxxxxxxx 

xxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxx 

xxxxxxxxxxxxxxx 

XXX 

XX 


0 URI.IJE IS!  BELOW  LOWER  LIMIT 
0 "Al  l IE  f SI  ABOUE  UPPER  LIMIT 
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fBIS  PAUJi  IS  BfcaT  QUALITY  PRACIIGMJI4 
IRC*  OOFY  TO  DDC 


*b4  ITEMS 


ST, 


MFRN  “ 
OFO.  - 


DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 

bETUEEN'  25  C AND  OT.  TAB  DMnLLATORS  UERE  ENCAPSULATED  WITH 
a gbNFORMAi~bbAY  6ARRrtWPT/ni  (WLinnE  SUBSTRATE. 

5 , 388  60 


OOFFF  T C T FNT  OF  SKEWNESS  - 


8, 34081 


XBRR  + 1 ST  OMR  41,1778  XBRR  - 1 ST  OMR  30,5388 
XBRR  + 8 3 ! OMR  48,5004  XBRR  - £ ST  OMR  ,35.8100 
XBRR  + 3 ST OMR  51,8830  XBRR  - 3 ST OMR  19,8874 


84 , 73000 

3 1 . 95000 

34 . 99000 

38, 78000 

39 , 5800O 

85,31000 

38.  050O0 

35 , 0100*010* 

38 , 8000O 

39 , 5900O 

87,89000 

38,87000 

35, 19000 

38, 9100O 

39 , 8800*0 

88. 38O00 

38, 38000 

35 , £70*00 

38 , 9 1 0010 

40 , 05000 

88 . 48000 

38, 45000 

35 , 3700*0 

37,  1 80*00 

40 . 0*80100 

88, 88000 

38,53000 

35, 4800O 

37, 88000 

40 , 88000 

88, 88000 

38, 980*00 

35 , 8 1 00*0* 

37 , £7000* 

40 , 390*010* 

88 , 98000 

33 , 080O0 

35,  88000* 

37, 31000 

40, 53000 

89. 50000 

33,  88000* 

35,71 0*0*0 

37,  370*010 

40,75000 

89 , 89000 

33,58000 

35,74000 

37 , 47000 

40 , 8: 1 000 

30, 04000 

33-  0*3000 

38 , O8000 

37, 53000 

40 , 98000 

30 , 59000 

33. 8800*0 

16 , 87)10*0 

37,54000 

4 1 , 09000 

30 , 8 1 000 

33 , 9800O 

38 , 350*00) 

37,88000 

48,  10*010*0* 

30, 83000 

33, 94000 

38 , 490*00* 

37,  9900*0* 

48, 44000 

30 , 75000 

33, 94000 

38 , 580*0*0* 

38,  0100*801 

48,87000 

30. 97000 

34 , 1 4000 

38 , 590*0*0 

38, 050O0 

43 . 48000 

3 1. , 38000 

34, 18000* 

38, 83000 

38. 87000 

43,  70:000 

3 1 , 7,8000 

34,  190100 

38 . 88000 

38, 43000 

44 , 8800*0* 

3 1 . 77000 

34 , 88010*0) 

38 . 88000* 

38,  4900*0 

44 , 8400*0* 

3 1 . 78000 

34,88000 

38,  70*0*001 

38, 880O0 

69,71000 

31,85000 

34 . 830*00* 

38 , 7500*0* 

39.30000 

BFFTNF  GRAPH  INTERNAL  ';3 
BEFTNF  LOWER  GRAPH  LTMTT  ! 84 
BFFTNF  IIPPFR  GRAPH  LTMTT  '89,9 


34 . 0000 

- 

88 . 010100 

ll 

88 . 00001 

- 

88 , 0000) 

1 

£8  001010 

- 

30 , 00*00 

7* 

Wyot/uu 

onriAi'WiA 

30*  . 0*0010* 

- 

38 , 0*00)01 

18 

V v y v *.  .*  V V *•  •'  V -• 

I-  1 f‘%  II  6 1 1-  Wl  i 1 1 ■«  11  ft  Ilfl 

38 . 0000 

- 

34 . 01000* 

14 

V V V V •'  V T •'  V V '•  ■'  V V *•  •'  V 

34  - 010001 

- 

38 , 01010101 

16 

xxxxxxxxxxxxxxxx 

38  - 01010101 

- 

38 , 0)000) 

85 

XXXXXXXXXXXXXXXXXXXXXXXXX 

38 , 0*01001 

- 

40 , 0101010 

10 

v y y y y y y y y y 

••  ■iftf 't ft  ft  /’•  ft  i 1 i’i  ft 

40-  01010*0* 

- 

48 , 000*0* 

Q 

xxxxxxxxx 

48 . 010001 

- 

44, 0*01010 

5 

xxxxx 

44  - 00100 

- 

46 . 00)00 

8 

XX 

48 . 0)0100 

48.0000 

01 

48  - 0000 

- 

501 , 010100 

01 

50 . 010010 

- 

53:  - 0000 

8 

53 . 0000 

- 

54 , 0000* 

0 

54  - 0)00*0 

- 

56 , 0101010* 

0* 

58 . 0*000 

- 

58,0000 

0 

58  - 0000 

- 

60. 00001 

0 

60,0000 

- 

68.0000 

0 

68 . 0000 

- 

64 , 0000* 

0 

64 . 01000 

- 

66 . 0000 

0 

•>6 . 00(00 

- 

618 . 0*0100 

0* 

kx . ,1000 

- 

70 . 00100 

1 

X 

O URLUFfS*  BELOW  LOWER  LTMTT 
O URH'F'S*  RBONF.  UPPER  LTMTT 


144 


[ 


•HIS  ?kCrS  IS  B*ST  QUAIilTT  PBMTIM*1* 
fKM  (X>n  ww» isiur  to  wc  — 


I.J 


MFAN  - 35, 8073(5 

ST,  BFU.  - 6.59044 


rOFFFICIFHT  OF 

SKFMNFSS  - 

-1,31481 

XBAR  + t SIGMA 

43.3977 

XBAR  - 1 SIGMA 

89, 8 163 

XBAR  + 3 SIGMA 

43.9831 

XBAR  - £ SIGMA 

38. 6863 

XBAR  + 3 SIGMA 

55,5736 

XBAR  - 3 SIGMA 

16,0359 

1 4 . S3000 

31,95000 

36. 34000 

38.73000 

41,11000 

t 4 , 39000 

33,57000 

36 . 75000 

38,93000 

41,54000 

16, 35000 

33,63000 

36, 76000 

39,06000 

41,66000 

t 3 , 65O00 

33,68000 

36.77000 

39, 39000 

41,69000 

33. 06O00 

33, 48000 

36, 85000 

39. 69000 

4 1 . 77000 

33 - 36000 

33,73000 

37, 18000 

39,75000 

41,86000 

33,93000 

33,35000 

37,31000 

39,34000 

48, 13000 

34 . 03000 

34 , 00000 

37,36000 

39, 89000 

48,38000 

34. 14000 

34.31000 

37,47000 

39,89000 

48,41000 

35,31000 

34.47000 

37,49000 

39,93000 

48,60000 

36 . 90000 

34,54000 

37,77000 

40, 10000 

48,64000 

37, 33000 

34, 73000 

38, 00000 

40. 16000 

48, 76000 

33, 10000 

34 , 74000 

38,31000 

40, £7000 

43, 01 000 

S3 , 37000 

35,03000 

33,33000 

40.30000 

43,34000 

33 - 70000 

35. 18000 

38,33000 

40,38000 

43,81000 

33 , 99000 

35, 83000 

38 . 40000 

40,51000 

45,55000 

39 , 3 1 000 

35.33000 

38,41000 

40.56000 

49,71000 

30 . 43000 

35,43000 

38.48000 

40. 63000 

3 1 , 1 3000 

35,65000 

38. 57000 

40, 93000 

3 1 . 44000 

35,70000 

38,65000 

40. 97000 

31. , 35000 

36,33000 

38,73000 

41,05000 

BFFINF  GRAPH  INTFRUAL  ! £ 
BFFINF  lohfr  GRAPH  LIMIT  1 14 
BFFINF  UPPER  GRAPH  LIMIT  '49.9 


1 4 - 0000 

- 

16, 0000 

3 

XX 

1.  6 . 0000 

- 

18,0000 

1 

X 

1 3 . 0000 

- 

80,0000 

1 

X 

30,  01000 

- 

38, 0000 

0 

33 . 0010101 

- 

84 , 0000 

3 

XXX 

34 - 0000 

- 

86. 01000 

3 

XXX 

36 , 0000 

- 

38,0000 

3 

XX 

38 , 0000 

- 

30 , 00010 

5 

xxxxx 

30i . 0101010 

- 

38 . 0000 

5 

xxxxx 

33 , 00100 

- 

34 , 001010 

6 

xxxxxx 

34.0000 

- 

36 , 00100 

13 

xxxxxxxxxxxxx 

36  - 00010 

- 

38. 0000 

18 

xxxxxxxxxxxx 

33 , 010100 

- 

40  , 00010 

30 

xxxxxxxxxxxxx? 

40 . 00100 

48 , 001010 

17 

XXXXXXXXXXXXX) 

48 . 0000 

- 

44 , 001010 

3 

xxxxxxxxx 

44 , 01000 

- 

46,0000 

i 

X 

46 , 0000 

- 

48,0000 

0 

48,0000 

- 

50 , 001010 

1 

X 

0 "AIJJFISI  BELOW  LOHFR  LIMIT 
0 UALUEISl  ABOUE  UPPER  LIMIT 


h TTFhlfi  DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 

BETWEEN  25  C AND  -50  C . TAB  "PSCITDrnmS  UEBE 
mean  r=  3.6.  1 3650  ENCAPSULATED  WiTH  A CoNPORHAL  COAT  HARRIET lB/ER 

TiFU.  - 6,48262  OVEk  THE  SUBSTRATE.  - - _ 


GOEFFICIENT  OF  SKEWNESS  - 


?955 


XBAR 

XBAR 


+ t SIGMA 

42.6191 

XBAR  - 1 SIGMA 

29. 

+ 2 SIGMA 

49. 1017 

XBAR  - 2 SIGMA 

23. 

+ 3 SIGMA 

55,5343 

XBAR  - 3 SIGMA 

16, 

1 5 , 2300A 

32 - O2O00 

35,29000 

37, 25000 

39, 92O00 

22 , 66000 

32 , 07000 

35 , 30OO0 

37 , 54000 

39, 940OO 

25. 49000 

32 , 54000 

35 , 300O0 

37, 56O00 

40,  101010101 

26. 17000 

32,68000 

35 , 36000 

37,61000 

40,72000 

26 . 32000 

32. 73000 

35 , 460001 

:37 , 701000 

40* , 8400O 

26 , 330OO 

32.79000 

35,61000 

37,71000 

40, 85OO0 

23 . 40000 

33, 13000 

35 . 7901001 

37,86000 

40, 96000 

29,04000 

33,27000 

35 . 8O0010 

38.040O0 

4 1 , 090*00 

29 . 1 5000 

33, 54O0O 

35.  82000* 

38. 08000 

4 1 , 60000 

29, 1 2000 

33 , 7 4000 

35 , 89O00 

38,  150»:i0 

4 1 , 960010 

29.6OOO0 

33. 94OO0 

36 . 420100 

38, 19000 

42 , O2000 

90 , OS0OO 

34 , O 1 000 

36, 46O00 

38, 43000 

42, 13000 

30. 16000 

34,01000 

36 , 57000 

38,65000 

42, 39O0O 

30, 57000 

34 , 34OO0 

36 , 600010 

38 , 6601001 

42 , 520010 

30 , 60OOO 

34,68000 

36 , 64O0101 

38, 72000 

42 , 8 1 0O0 

31 , 06000 

34 , 85OO0 

36 , 760100 

38, 890*00 

44,47000 

31,23000 

34,88000 

36 , 7801010 

38,96000 

60, 22000 

3 1. , 39000 

35 , 060O0 

36,  73000 

39,  0200101 

60, 77000 

31 , 50000 

35, 1600O 

37,  0*20010 

39,04000 

62 , 4800O 

3 1,91 000 

35 . 250F10 

37, 14OO0 

39 , 560OO 

TiFF INF.  GRAPH  INTERNAL  *2 
DEFINE  LOWER  GRAPH  LIMIT  (14 
DEFINE  UPPER  GRAPH  LIMIT  (63 


1 4 - 06100 

- 

1 6 , 0101010 

1 

V:' 

1 6 , 00010 

- 

1 8 , 61010161 

0 

1.  8 , 0101010 

- 

20, 61616161 

0 

20,  00100 

- 

22 , 0010O 

0 

22  - 01000 

- 

24 , 00610 

1 

•3 

24 , 06100 

- 

26' , 0101010 

1 

X 

26 , 0000 

- 

28 . 006iO 

3 

XXX 

28  - 0000 

- 

30 , 00iOO 

Fj 

XXXXX 

901 . 0000 

32,  00100 

Q 

XXXXXXXXX 

32, 010OO 

- 

34 , 00001 

1 1 

xxxxxxxxxxx 

34 . 01000 

- 

36 , 6*000 

i q 

xxxxxxxxxxxxxxxxxxx 

36 , 010101*1 

33,0000 

17 

xxxxxxxxxxxxxxxxx 

38 , 010OO 

- 

40 , 0000 

15 

xxxxxxxxxxxxxxx 

40 . 0101010 

- 

42,0000 

0 

xxxxxxxx 

42 , 01010O 

- 

44 , 0000 

rji 

XXXXX 

44  - 0000 

- 

46 , 0101001 

1 

v 

A 

46 . 0000 

- 

48,0000 

0 

48: , 00610 

- 

50 , 01000 

0 

50,0000 

- 

52,0000 

0 

52.0000 

- 

54,0000 

0 

54 . 0000 

- 

56,0000 

0 

56 , OOOO 

- 

58,0000 

0 

53,0000 

- 

60 , 0000 

0 

601 . 010OO 

- 

62 , 00O0 

2 

yy 

on 

62- 0000 

- 

64 , 0000 

1 

X 

A UALUE'S'i  BELOW  LOWER  LIMIT 

a uaijjfis!  abowf  upper  limit 
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IBIS  PAG*  IS  BSST  QUALITT  PRACTICAL!* 

FROM  OOr  T FUMISHJSD  TG 


JI03  T TRIMS 


DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE 


MEAN  - 50, 16620 

T)FU,  - 4,03777 


COEFFIGIEMT  OF 

SKEWNESS  - 

-.61137 

XBAP  + 1 SIGMA 

54 , 3040 

XBAR  - 1 SIGMA 

46, 

XBAR  + 3 SIGMA 

50,3417 

XBAR  - 3 SIGMA 

43, 

XBAP  + 3 SIGMA 

S3.3735 

XBAR  - 3 SIGMA 

38, 

33 , 33000 

47,31000 

43,41000 

53, 13O00 

53. 65000 

33 , t 1 000 

47, 34O00 

43, 50O00 

53, 37000 

53, 84000 

33, 76000 

47, 43000 

43 , 63000 

53,34000 

53 , 33000 

33,37000 

47, 50000 

43,74000 

53, 41000 

54 . O 1 000 

40 , 30000 

47,57000 

50 , 1 3000 

53,41000 

54 , 03000 

44 - 06000 

47, 60000 

50, 14000 

53,43000 

54, 37000 

44, 33000 

47,76000 

50,33000 

53,53000 

54 , 38000 

44,71000 

40,34000 

50. 34900 

53.56000 

54,33000 

44  - 30000 

40, 43000 

50 . 40000 

53 , 53000 

54,47080 

44 , 33 000 

40. 60000 

50, 47000 

53 . 6 1 000 

54 , 830O0 

45,34000 

40, 73000 

50. 55000 

53,65000 

55 , 33000 

45,53000 

40 , 05000 

50,58000 

53 , 63000 

55, 36000 

45,53000 

40 . 34000 

50, 60000 

53, 83000 

55,36000 

45 - 63000 

40,37000 

50,35000 

53, 84O00 

55 . 37000 

46 , 00000 

43. 00000 

51,01000 

53, 33000 

55 , 37000 

46,  1.5000 

43 , 05000 

51, 15000 

53,01000 

56 , 07000 

46 , 40000 

43, 10000 

51. 18000 

53,03000 

57,43000 

46 , 53000 

43, 11000 

51 , 76000 

53,33000 

58 , 7 1 000 

46 , 65000 

43,31000 

5 1 , 7S000 

53, 38000 

58 , 33000 

46 , 06000 

43, 30000 

53, O5000 

53, 44000 

47.96000 

43,33000 

53 . 03000 

53, 53000 

DEFINE  GRAPH  I 

NTFRUAL  ! 3 

TIFF  INF  LOWER  GRAPH  LIMIT  '33 
TiFF IMF  IJPPFR  GRAPH  LIMIT  !53 


38-0000 

- 

40 , 0000 

4 

wvv 

ft  ftftf'* 

40, 0000 

- 

43 , 0000 

1 

X 

43. 0000 

- 

44 , 0000 

0 

44 - 0000 

- 

46* , 0000 

9 

XXXXXXXXX 

46 , 0000 

- 

48,0000 

14 

XXXXXXXXXXXXXX 

48, 0000 

- 

50 . 0000 

18 

xxxxxxxxxxxxxxxxxx 

50 - 0000 

- 

53 . 0000 

15 

xxxxxxxxxxxxxxx 

53 . 0000 

- 

54 , 0000 

36 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

54 . 0000 

- 

56,0000 

13 

xxxxxxxxxxxx 

56 . 0000 

- 

58,0000 

3 

XX 

58-0000 

- 

60 , 0000 

3 

XX 

0 UALIJF  IS  I BELOW  LONER  LIMIT 
0 UALUFISI  ABOUE  UPPER  LIMIT 


ls  se*r  fra ou<mu 

**'*  “V'  * H*lW5rf*;  70  uoc 


rrens 


~ MEAN  - 
ST,  BEU , - 


DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 
BETWEEN  +25VC  AND  +45"C.  TAB  OSCILLATORS  WERE  ENCAPSULATED  WITH 

5e,  73440  ammi. 

4,39593 


COEFFICIENT  OF  SKEWNESS  •-  -,03353 


XBAR  + 1 SIGMA 

57, I303 

XBAR  - 1 SIGMA 

43, 3335 

XBAR  + 3 SIGMA 

31 , 5333 

XBAR  - £ SIGMA 

43, 9435 

XBAR  + S SIGMA 

35,9331 

XBAR  - 3 SIGMA 

•:1ft-.  5 4ft  ft 

40 . fi 1 000 

49, 13OO0 

53 , S9O310 

53, 73000 

53 , 75000 

43. 70000 

49, 33O00 

53, 34000 

53, 33O0O 

53. 77OO0 

43.S3000 

49. 39000 

53 , 4 1 000 

53 , 33000 

53 , 300O0 

44  - 33000 

49 , 500O0 

53,44000 

54, 15000 

53 . 93000 

44 , 33000 

49. 33000 

53.43000 

54 , 33000 

53, 99O00 

45 . 04000 

49, 730O0 

53 . 393i00 

54 , 33O00 

57, 10000 

*4  A , P ft  000 

50, 10000 

53,75000 

54 , 730O0 

57, 30000 

43 . 43000 

50, 14000 

53, 75O00 

54 , 93000 

57. 91O00 

4^  , ftft000 

50, 31000 

53, 35O0O 

55, 1OO00 

53, O9OO0 

43 . 390OO 

50 . 30000 

53 , 33000 

55, 1 1000 

53. 390OO 

43..  73.000 

50. 93000 

53 , 33OO0 

55, 13O0O 

53 , 330O0 

43.-  95000 

50 , 933100 

53,91000 

55, 39O00 

59 , 34000 

47, 1 9000 

5 1 , 30000 

53 . 93000 

55 , 33O00 

59, 74O00 

47,  ftP000 

5 1 , 33000 

53 , 93000 

55,45000 

30,33000 

4ft  - 

51,35000 

53 , 03000 

55,3-1 000 

30, 9SOO0 

4ft-  47000 

51.330O0 

53 , £3000 

55. 73O00 

31,11000, 

43. 49000 

5 1 , 4 1 000 

53,30000 

55, 93000 

3 1 , 50000 

43.330OO 

5 1 , 430O0 

53 , 49O00 

53 , 04OO0 

3 1 , 30000 

43 , 33000 

5 1 , 33000 

53 , 30000 

53, 13O00 

34 , 44O0O 

49.0 t OOO 

51 , 34O00 

53,35000 

53 , 533100 

49 , 05fi0O 

5 1 , 30000 

53.33000 

53 , 70O00 

DEFINE  GRAPH  ! NTERUAL 


TIFF  INF  LOWER 

GRAPH  LIMIT 

ft 

» 40 

TiFF INF  UPPER 

GRAPH  LIMIT 

! ft4. 

4 

40 - OOOO  - 

43 , OOOO 

i 

X 

43,0000  - 

44 , OOOO 

ft 

XX 

44.0000  - 

43 , OOOO 

XXX 

43  - 0000  - 

43 , 0000 

ft 

wvvvvvv 

43 , 0000  - 

50 . OOOO 

IS 

X f'i .'.  X.  X.  X X X X X X X X 

50 . OOOO  — 

53 , OOOO 

1 c; 

xxxxxxxxxxxxxxx 

53.0000  - 

54 , OOOO 

34 

xxxxxxxxxxxxxxxxxxxxxxxx 

54  - OOOO  - 

53 . O000 

14 

xxxxxxxxxxxxxx 

53 . OOOO  - 

53,0000 

13 

xxxxxxxxxxxx: 

53.O00O  - 

30 , 0000 

5 

xxxxx 

30 . OOOO  - 

33,0000 

5 

xxxxx 

33,0000  - 

34,0000 

0 

34-0000  - 

33,0000 

i 

X 

0 UAUJEfS*  BELOW  LOWER  LIMIT 
0 OOI  I IF  f SO  ABODE  UPPER  LIMIT 
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«ts  MM  13  best  mam  tuatuma 

’B-  .JK  :j<.'  t • ‘ Bl.  nrVj  TOMC 


Oi4  ITEMS 


DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 
_ BETBEEff  T anTTl'T.  TABTSCTILATORS’  MERrTHCAPSDtATED 

MEAN  - 56,46730  WlY_H  EROXY  ONLY. 

st,  dew.  *=  5,  03916 


GOFFFTCTFNT  OF  SKEWNESS  r=  -,471*57 


XBRR  + 1 SI OMR 

61 . 4365 

XBRR  - 1 SI OMR 

51 . 4333 

XBRR  + .3  ST  OMR 

66.5357 

XBRR  - 3 SI OMR 

46 , 4030 

XBRR  + 3 SI OMR 

71 , 5543 

XBRR  - 3 SIGMA 

41 , 3733 

33 , 34O00 

53 , 63000 

55, 430010 

53,00000 

0.0, 73Oi0Oi 

43,33000 

53, 76000 

55,51000 

53, 15000 

6 1 , 1 00010 

45 , 53000 

53 , 06000 

55 , 540010 

53,51000 

0. 1 , 36O0O1 

46 , 37000 

53, 0300O 

55 , R4000 

53, 0.40001 

61 , 37000 

46 . 36000 

53, 53000 

55, 340010 

53,  13OO10 

0- 1 , 630*00 

47,33000 

53,71000 

55. 37000 

53, 13000 

61 , 36OO0 

43 . 40000 

53 , 36000 

56. 1 7000 

53, 36000 

6 1 , 930001 

43,35000 

53, 34000 

56, 30000 

53 , 33OO10 

63 , 06000 

50 - 50000 

53, 33000 

56,34000 

53,  35OO10 

63,34000 

50, 53000 

54, 13000 

56,44000 

53,  500100 

63.43000 

50,61000 

54, 33000 

56 , 460010 

53. 53000 

63 , 650001 

51 , 13000 

54 , 36000 

56 , 54OiOi0 

53.  570100 

63 , 79000 

51 , 33000 

54,33000 

56 , 53000 

53, 60000 

0.3 , 030001 

51 , 36000 

54 , 34000 

56 , 350O»0 

53, 63000 

63, 350010 

51 , 36000 

54.44000 

56,30000 

53.35000 

0.3,  570010 

51 , 34000 

54 , 63000 

57, 06000 

O.Oi . 0150001 

64 . 67000 

51,33000 

54,73000 

57, 13000 

60, 13000 

0.4 , 030010 

5? . R4000 

54,73000 

57,41000 

60 , 33000 

66, 30000 

53, 13000 

55. 17000 

57 , 50.0100 

60, 53000 

0.0. , 450OiOi 

53 , 33000 

55,37000 

57,65000 

60 , 540010 

09 , 04000 

53“,  6:3000 

55,43000 

57, 65O00 

60, 73000 

DEFINE 

GRAPH 

IMTFRURL 

! 3 

HFF I ME 

LOWER 

GRAPH  LIMIT 

1 33 

BFFTMF 

UPPER 

GRAPH  LIMIT 

! 7*63,5 

33 , 0000 

- 

40 , 0000 

1 

«•■» 

40  - 010010 

- 

43 , 00010 

0 

43,0000 

- 

44 , 00010 

1 

y 

44  - 00001 

- 

46 , 0000 

1 

40.,  00100 

- 

43 , 0000 

XXX 

43 , 0000 

- 

50 , 01000 

XX 

50 , 00100 

- 

53 , 0000 

3 

xxxxxxxxx 

53.0000 

- 

54 , 0000 

1 3 

xxxxxxxxxxxxx 

54  - Oi00Oi 

- 

56 , 0000 

is 

xxxxxxxxxxxxxxxxxx 

56  - 0000 

- 

53,0000 

15 

xxxxxxxxxxxxxxx 

53,0000 

- 

60 , 0000 

15 

xxxxxxxxxxxxxxx 

60 . 01000 

- 

63 , 00100 

13 

xxxxxxxxxxxxx 

0<3 . 0000 

- 

0.4 , 0000 

3 

xxxxxxxx 

64 , 00100 

- 

66 , 0010101 

l“ 

XX 

0.0. . 01000 

- 

63 , Oi0Oi0 

ri 

XX 

63.0000 

- 

70 , 0000 

i 

t'l 

0 URIJJE ( S f BELOW  LOWER  LIMIT 
fPjfc  0 URI.WEIS!  ftBOUE  UPPER  LIMIT 
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PACrS  J.S  ’iF.'.’T  ai’AI  TTT  trr. 

TOf  x ",ITT  nu®tt««a. 


l>  DDC 


rw 


i 


COEFFICIENT  OF 

SKEWNESS  ^ 

-,51330 

* 

XBAR  + t SIGMA 

59, 747* 

XBAR  - 1 SIGMA 

C|1 

XBAR  + 3 SIGMA 

*3 , 7933 

XBAR  - 3 SIGMA 

47' 

XBAR  + 3 SIGMA 

*7,3399 

XBAR  - 3 SIGMA 

43, 

44  - 43000 

53 , 330OO 

55 , 330O0 

57, 19OO0 

59 , 300OO 

44 , 50000 

53,33000 

55,59000 

57, 32000 

59, 350OO 

4* , 75000 

53 , 4 1 OOO 

55 , *3000 

57, 39O0O 

59, 3O00O 

4* , 34000 

53. 47000 

55 , 70000 

57, 43000 

59 , 35000 

47. 03000 

53,94000 

55,94000 

57, 430O0 

59, 550OO 

49 , *5000 

53, 33OO0 

55 , 99000 

57 , 49000 

59, *5000 

49, 30000 

53 , 43OO0 

5* , O 1 OOO 

57, 5*000 

59, *7000 

49, 9R000 

53, 53O00 

5* , O3OO0 

57, 33O00 

59, 74000 

50 , 07000 

53,75000 

5* , 0*000 

57 , 39O00 

59, 3*000 

50, I5000 

53, 93000 

5*, 1S00O 

53, 33O0O 

*0, 33000 

50, 37000 

53, 97000 

5* , 3 1 OOO 

53. S30O0 

*0, 57000 

50 . 5 1 000 

54, 1 lOOO 

5* , 43000 

53 . 30O00 

*0, 77000 

50 , 53000 

54, 15000 

5* , 43O0O 

53. 3*000 

*0 , 35000 

50 . **000 

54 , 44000 

5* , 5SO00 

53. *4000 

* 1 , 0700O 

50 . 79000 

54 , 7 1 OOO 

5* , 5*000 

53 , *7000 

*1 , 43000 

5 I . 04000 

55 , 0000*1 

5* , *3000 

53, 750O0 

*3 , 37000 

51. , 35000 

55 , 05000 

5*, *500O 

53, 7*000 

*3 , 0*000 

51, 430*10 

55 , 03000 

5* , 79000 

59, 01000 

*3, 10000 

5 1 , 53000 

55 , O3O00 

5* , 3*000 

59 , O 1 OOO 

*3 . 34OO0 

5 1 - 93000 

55 , 30O0O 

5* , 37000 

59 , 04000 

*3.53000 

53 . 0 1. 000 

55,33000 

57 , 1 .3000 

59 , O400O 

6553 

6092 

6 • j 0 


DCF  inf:  graph  INTERUAL  '2 
DCF  THE  l OWER  GRAPH  LIMIT  <44 
DEFINE  UPPER  GRAPH  LIMIT  '*3,9 


44- 0000 

- 

4* , OOOO 

i~‘ 

XX 

4* . 0000 

- 

43 , OOOO 

3 

vw 

."I*  1 

43-0000 

- 

50 , OOOO 

0 

XXX 

50 , 0000 

- 

53 , OOOO 

13 

xxxxxxxxxxxx 

53 , OOOO 

- 

54 , 0000 

13 

xxxxxxxxxxxx 

54  - 000*1 

5* , 0000 

1* 

xxxxxxxxxxxxxxxx 

5* , 0000 

53 , 000*1 

34 

xxxxxxxxxxxxxxxxxxxxxxx;-: 

53 - OOOO 

- 

*0 , 0000 

31 

xxxxxxxxxxxxxxxxxxxxx 

*0 . 0000 

*3,0000 

* 

yvi/uuu 

CiAciAnA 

*2 . OOOO 

~ 

*4 , OOOO 

5 

1 V 

AAACiA 

A UAI.UE'SI  BELOW  LOWER  LIMIT 
A UALUEISl  ABOUE  UPPER  i.,.,,, 

»w  -t-  ■Tfc  I**  * t «*,•..** 
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TBTS  PAGE  IS  BEST  QUALITY  PKACTLOAftUI 
TROM  00?  Y IWUHSHJE1  TO  DDC 


TEMS 

MEfiN  “ 
ST,  BEIL  - 


DATA  AND  HISTOGRAM  OF  THE  TEMPERATURE  COEFFICIENT  OF  THE  PERIOD 
BETWEEN  25* C AND  -50° C,  TAB  OSCILLATOR^  Wt& 

ENCAPSULATED  WITH  EPOXY  ONLY. 

4 , 94049  1 ■ 


coffftgient  of 

SKEWNESS  ~ 

-,43356 

XBRR  + 1 SIGMA 

56.7351 

XBRR  - 1 SIGMR 

46. , 3 

XBRR  + S SIGMA 

6 1 , 676. 1 

XBfiR  - 3 SIGMfi 

4 1 , 9 

XBRR  + 3 SIGMA 

66,6171 

XBfiR  - 3 SIGMfi 

36 , 9 

39. 13AAA 

47. 3AAAA 

5 1 , 600A0 

53 . 970610 

56, 470610 

4 A - S t AAA 

47.490AA 

5 1 , 646100 

54 . A6l6i00 

56 , 546i6i6i 

4 t . t 3000 

47.  6r.'AAA 

5 1 , 63A00 

54 . 0616100 

56 , 536i6i6i 

4 1 , 4AAAA 

43 . 65 AAA 

5£ . A3000 

54 . A30610 

56,69000 

4S. 45 AAA 

43, 996100 

5£ , 1 1 06i0 

54. 13000 

57, £3000 

4S . 77 AAA 

49 , 00000 

5£ - 5S000 

54.  14A061 

57, 40000 

43 . £6)AA6l 

49, 13000 

5£ , 590AA 

54 , 35O00 

57 , 40000 

44 , 4306)0 

49,33000 

5£ , 59A00 

54, £7000 

57 . 466lfl6l 

44 . 636)06) 

49, 4 100A 

53,64000 

54 , 3A000 

57 , 590610 

44. 71 AAA 

49, 6 700 A 

53, 730A0 

54 , 460A0 

57 , 63006) 

45, 1 1 AAA 

49, 39000 

53 , 93000 

54.43000 

57 , 33000 

45 . 1 1 AAA 

5A, 3AA0A 

53 , 94A0A 

54 . 6 1 0610 

53,44000 

45, 35AAA 

5A. 7600A 

53 , 0 1 000 

54,65000 

53, 730A0 

45, 44AAA 

50, 95000 

53 , 060A0 

54, 74000 

59. 79A00 

45 , A I AAA 

51 , A1A00 

53, ! 10A0 

55,04000 

59 . 36000 

45 , 9' 3 AAA 

51 , 060AA 

53, 33000 

55. 1 1000 

60. 400A0 

45 , 936)6)0 

51 , £4000 

53,53000 

55 . 36000 

60, 4700A 

46 . A4AAA 

51 , 310AA 

53 , 6306161 

55, 4S00A 

6£ , 3700 ... 

46, 1AAAA 

51,36000 

53, 710A0 

55 , 55A00 

46. 16 AAA 

51.53AAA 

53.33A00 

56. 100061  , 

46- 65AAA 

51 , 55A0A 

53 , 9006i6i 

56,43000 

tf.ft.hf:  graph  thtfrurl  is 

TiFF  T HF  LOWER  GRAPH  LIMIT  ! 38 
tiFFTHF.  UPPER  GRAPH  LIMIT  1 63 


S; 


•j 

i 


' .1 


3ft . 06)610 

- 

40 , 0000 

1 

A 

40 . 006)0 

- 

4£ , 6)6100 

3 

XXX 

4£-  6)6)00 

- 

44 . 0000 

3 

XXX 

44 . 6)000 

- 

46. . 6)000 

10 

xxxxxxxxxx 
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APPENDIX  C.  FAILURE  ANALYSIS  OF  TAB  HMOs  THAT  FAILED 
DURING  GROUP  A AND  B TESTING 


f 


Honeywell 


DEFENSE  SYSTEMS  DIVISION 


FAILURE  ANALYSIS  LAB 
FAILURE  ANALYSIS  REPORT 


IMALFUNCTION/FAA  REPORT  NUMBER 


DRAWING/PART  NUMBER 


MANUFACTURER 


11726813 


IC  PART/NUMBER 


Honeywell  DSD 


«.  BACKGROUND  2.  ANALYSIS  PROCEDURE  1.  CONCLUSIONS 


«.  RECOMMENDATIONS 
(OPTIONAL) 


S.  EQUIPMENT  USED 
(OPTIONAL) 


BACKGROUND 


Thirteen  TAB  hybrid  microcircuit  oscillators  were  submitted  for  failure 
analysis.  The  TAB  hybrid  microcircuit  oscillators  were  being  exposed  to 
Group  A and  B tests  of  HDL  Dwg  11726813.  Failure  test  sequence  point  and 
failure  modes  are  listed  in  the  following  table: 


Serial  Number 


Failure  Mode 


No  output 
No  output 

Voltage  sensitivity  Cj>  -23.5  Vdc 
to  -17  Vdc 

Voltage  sensitivity  ^ -23.5  Vdc 
to  -17  Vdc 

Voltage  sensitivity  -23*5  Vdc 
to  -17  Vdc 

No  output  O -30°J  and  -50°C 
Period < 96  x 10“6  second  3 
Period  <96  x 10“°  second  3 
Supply  current  >2.7  mAdc 
excessive  period  drift'P  = -552xlO“9 
Excessive  period  drift^*  = -23L. 5xl0“> 
Excessive  period  drift'f  = 279xl0“9 
Excessive  period  drift^1 = 619. 5xlO“9 


Group  A,  Electrical 
Group  A,  Electrical 
Group  A,  Electrical 


Group  A,  Electrical 


Group  A,  Electrical 


Group  A, 
Group  A, 


Group  A, 
Grouo  A, 
Group  Bf 
Group  B i 
Group  B, 
Group  B, 


Electrical 
Electrical 
Electrical 
Electrical 
Moisture  Res. 
Moisture  Res. 
Temp.  Cycle 
High  Temp. 
Storage 


ANALYSIS  PROCEDURE 


Detailed  failure  analysis  procedures  are  listed  for  each  TAB  hybrid  micro- 
circuit  oscillator  individually. 


SN79  (No  Output) 


Electrical  testing  showed  the  device  supply  current  was  455  mAdc.  Typical 
supply  current  is  2.0  mAdc.  After  decapsulation,  visual  examination  did  not 
reveal  obvious  defects.  Additional  electrical  testing  was  not  performed  as 
the  A1  metallization  on  the  monolithic  amplifier  was  damaged  during  decapsu- 
lation. A defective  amplifier  was  considered  the  most  probable  cause  of 
this  failure. 


SN29A  (No  Output) 

Electrical  testing  showed  the  device  supply  current  was  46  mAdc  and  output 
latched  up  at  -15  Vdc.  After  decapsulation,  electrical  measurements  showed 
the  voltage  regulator  voltage  was  15  Vdc  and  the  zener  reference  voltage  was 
13.83  Vdc.  The  zener  reference  voltage  was  normal  v.'hich  indicates  that  the 
PNP  transistor  in  the  voltage  regulator  circuit  was  defective.  Visual  exam- 
ination did  not  reveal  a defect  in  this  area  on  the  monolithic  integrated 
circuits. 
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SN227.  5.  and  83  (Voltage  Sensitivity  @ -23.5  Vdc  to  -17.0  Vdc) 

Electrical  testing  showed  period  changes  greater  than  15  x 10-9  seconds  when 
varying  the  supply  voltage  from  -23.5  Vdc  to  -17  Vdc  (i.e.  SN227,d,T  ;=  36.7  x 
10-9  seconds;  SN5,il"  = 20  x 10“9  seconds;  SN83,A'T  = 27.5  x 10“9  seconds). 

After  decapsulation,  electrical  measurements  (monitoring  the  zener  reference 
voltage  and  the  voltage  regulator  voltage  while  varying  the  supply  voltage) 
were  performed  to  define  the  relationship  between  the  period  change  and  the 
reference  voltage.  Reference  Table  I.  Two  hybrid  microcircuit  oscillators 
(SN306  & 303)  which  functioned  normally  were  also  included  in  the  testing. 

The  data  revealed  a greater  change  in  the  reference  voltage  with  supply  voltages 
from  -23*5  Vdc  to  -17.0  Vdc  when  compared  to  supply  voltage  from  -23.5  Vdc  to 
-30  Vdc.  A comparison  between  the  devices  that  functioned  normally  and  the 
devices  that  failed  the  voltage  sensitivity  test  showed  the  reference  voltage 
changed  approximately  5 05'  of  that  noted  in  the  defect  devices.  The  zener 
section  of  the  monolithic  amplifier  was  then  isolated  by  cutting  the  metal 
tracks.  Electrical  microprobe  testing  was  performed  to  further  analyze  the 
isolated  zener  section.  Voltage  and  current  measurements  revealed  the  zener 
impedance  was  considerably  higher  at  lower  currents  on  the  device  which  failed 
the  voltage  sensitivity  tests.  It  appears  the  failures  resulted  from  an  ex- 
cessive change  in  the  reference  voltage. 

SiJ215  (Wo  Output  3 -30°C  and  -50°G) 

The  device  functioned  properly  at  room  temperature.  The  no  output  condition 
at  temperature  was  verified.  However,  in  the  failed  state,  the  supply  current 
increased  from  1.89  mAdc  to  3*25  nAdc.  After  decapsulation,  visual  examination 
did  not  reveal  any  defects.  The  voltage  regulator* section  of  the  monolithic 
integrated  circuit  functioned  properly  at  room  temperature.  It  appears  the  no 
output  condition  at  -30°G  and  -50"C  resulted  from  a defective  monolithic  ampli- 
fier. 

SM95  and  298  (Period  < 96  x 1CT6  Second) 

Electrical  measurements  verified  the  period  of  SN95  and  3W298  were  95.003  x 
10“6  seconds  and  95*329  x 10“6  seconds,  respectively.  A data  search  revealed 
that  the  periods  of  SW95  and  Si.298  were  low  and  out  of  specification  limits 
prior  to  encapsulation.  The  devices  should  have  been  screened  before  submitting 
to  the  Group  A testing. 

SN35  (Supply  Current^  2.7  mAdc) 

Electrical  measurements  verified  the  supply  current  was  9.8  mAdc.  A data 
search  revealed  that  the  supply  current  of  device  3H35  was  high  and  exceeded 
the  specification  limits  prior  to  encapsulation.  The  device  should  have  been 
screened  before  submitting  to  the  Group  A testing. 

SH28  (Excessive  period  drift  during  moisture  resistance  testing) 

A period  drift  of  -552  x 10~9  seconds  was  noted  during  the  10  day  moisture 
test  (MIL-STD-883 , Method  100A.1).  This  test  is  not  specified  in  HDL  Dwg 
11726813.  However,  the  drift  rate  noted  was  abnormal.  After  decapsulation, 
visual  examination  revealed  flaking,  crazing  and  cracking  of  the  resistor 
thick  film  elements.  No  anomalies  were  found  associated  with  the  capacitors. 

It  appears  that  this  excessive  period  drift  is  attributable  to  resistance  changes 
of  the  thick  film  resistors  in  the  Twin-T  network  due  to  mechanical  stresses 
from  the  epoxy  encapsulant.  Reference  Photo  #1  and  #2. 
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SN18  (Excessive  period  drift  during  temperature  cycle,  (+71°C  to  -55°C) 

A period  drift  of  279  x 10*9  seconds  was  noted  after  8 cycles  from  +71°C  to 
-55°C.  Visual  examination  revealed  flaking,  crazing,  and  cracking  of  the 
resistor  thick  film  elements.  There  were  no  anomalies  found  associated  with 
the  capacitors.  The  cause  of  this  failure  is  similar  to  that  of  SN28.  Ref- 
erence Photos  #1  and  #2. 


SN103  (Excessive  period  drift  during  high  temperature  storage,  500  hrs  @ 125°C) 

A period  drift  of  619.5  x 10”9  seconds  was  noted  after  500  hrs.@  125°C.  Visual 
examination  showed  flaking,  crazing,  and  cracking  of  the  resistor  thick  film 
elements.  There  were  no  anomalies  found  associated  with  the  capacitors.  The 
cause  of  this  failure  is  similar  to  that  of  SN28  above.  Reference  Photo  #1 
and  #2. 


SN230  (Excessive  period  drift  during  moisture  resistance) 

A period  drift  of  -234 .5  x 10~9  was  noted  during  the  10  day  moisture  resistance 
test  (MIL-STD— 883 , Method  1004.1).  This  test  is  not  specified  in  HDL  Dwg» 
11726813.  However,  the  period  drift  was  considerably  greater  than  that  noted 
for  the  other  test  samples  which  were  exposed  to  this  test.  After  decapsulation, 
visual  examination  did  not  reveal  any  defects.  Electrical  measurements  of  the 
resistor  and  capacitor  values  were  within  the  specified  requirements.  Minor 
drifts  in  the  resistance  and/or  capacitance  of  the  Twin-T  network  elements  are 
the  most  probablt  cause  of  this  failure. 


CONCLUSIONS 


2) 


The  failures  can  be  summarized  in  four  major  areas: 

1)  Devices  SN79  and  294  failed  due  to  defective  monolithic  amplifiers. 

Devices  SN5,  83,  and  227  failed  due  to  excessive  changes  in  the 
reference  voltage  when  varying  the  supply  voltage  from  -23.5  Vdc 
to  -17.0  Vdc.  The  excessive  reference  voltage  is  due  to  higher 
zener  impedance  at  low  current  levels. 

Device  SN95,  298,  and  35  failed  Group  A testing.  However,  these 
devices  should  have  been  screened  by  electrical  testing  after 
encapsulation  prior  to  Group  A testing. 

Devices  SN28,  230,  18  and  103  failed  due  to  minor  drifts  (i.e.^.255^ 
can  cause  an  out  of  specification  condition)  of  the  resistors  and/ 
or  capacitors  of  the  Twin-T  network.  Minor  resistance  and  capaci- 
tance changes  are  undetectable  without  knowledge  of  the  initial  value. 
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4) 


TABLE  I 
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Note  all  delta  measurements  taken  with  respect  to  -23*5  Vdc. 


Magnification  8.75X 


’hoto  shows  the  damaged  area  of  R1  and  R2  film. 

Note:  Large  chip  out.  The  resistive  film  was 
bonded  to  the  glass.  The  chin  came  loose  during 
decapsulation. 

The  area  under  the  marker  C is  loose  from  the 
substrate.  The  ooint,  of  the  marker  indicates 
the  start  of  the  crack. 

The  arrow  shows  where  the  crack  ends. 
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Enlargement  of  the  damaged  area  as 
indicated  by  the  arrow  and  marker 
in  oho to  #1. 
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IMALFUNCTION/F4A  REPORT  NUMBER  I REPORT  NUMBER 


IM587 


10KHZ  Hybrid 
Microcircuit  Oscillator 


MANUFACTURER 

jtopimn  psp 


ORAWING/PART  NUMBER 

11726613 


GENERIC  PART/NUMBI 


9299 


SERIAL  NUMBER 


OATE  CODE 


1.  BACKGROUND 


t.  ANALYSIS  PROCIOURC 


1.  CONCLUSIONS 


4.  RECOMMENDATIONS 
(OPTIONAL) 


S.  EQUIPMENT  USED 
(OPTIONAL) 


BACKGROUND 


Five  Tape  Automatic  Bonded  (TAB)  hybrid  microcircuit  oscillators  were  submitted 
for  failure  analysis  after  57J94  testing  per  HDL  Dwg  11726613 .Group  C inspection 
(Subgroup  1).  Three  of  the  five  failures  exhibited  period  (T)  drifts  which 
exceeded  the  ±50  x 10~9  second  specification  requirement.  The  other  two 
failures  did  not  oscillate  (i.e.  the  output  latched  up  at  approximately 
-12.4  Vdc) . 

ANALYSIS 

Electrical  measurements  are  shown  in  Table  I. 

TABLE  I 

ELECTRICAL  MEASUREMENTS 


SERIAL 

HUMBER 

T 

PRE-SHOCK 
( 10"°  sec ) 

post"shock 

(10**6  sec) 

AT 
PRE-POST 
(10“®  sec) 

T 

FA  LAB 
(10“6  sec) 

Is 

(mAdc) 

BUS 

41 

100.4117 

100.4964 
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100.3963 

1.94 

Epoxy 

51 

""90913“ 

224. £093 

127.9 

222.6250 

E2£l 

Epoxy 

61 

96.91& 

245.1^ 

146.3 

229.2600 

2.01 

Epoxy 

71 

-12.6Vdc 

— 

-12.4Vdc 

KS£1 

Epoxy 

243 

97.0255 

-12.4Vdc 

-12.4Vdc 

2.04 

Silicone 
barrier 
layer  & 
epoxy 

The  electrical  measurements  performed  during  failure  analysis  verified  the 
reported  failure  modes.  All  current  measurements  appear  to  be  normal  which 
is  indicative  of  the  monolithic  amplifier  functioning  properly. 

Four  of  the  five  TAB  hybrid  microcircuit  oscillator  .failures  (SN  41*  51*  61 
and  71)  were  encapsulated  with  epoxy  and  one  of  the  TAB  hybrid  microcircuit 
oscillator  failures  (SN  243)  was  encapsulated  with  a silicone  barrier  layer 
over  the  entire  substrate. 

After  partial  decapsulation  of  devices*  (SN51*  SN6l*  and  SN71)  resistance 
measurements  of  R1  and  R2  revealed  resistance  values  considerably  greater  than 
the  nominal  value  of  34k-n-.  R2  in  device  SN71  was  open.  After  complete 
decapsulation  visual  examination  revealed  large  cracks  in  the  thick  film 
dielectric  and  thick  film  resistive  elements  of  R1  and  R2.  The  excessive 
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period  drift  in  devices  SN51  and  SN6l  and  no  output  condition  of  SN71  were 
due  to  cracks  in  the  thick  film  resistive  elements  of  R1  and/or  R2. 

After  decapsulation  of  device  SN41»  electrical  measurements  revealed  the 
component  values  of  the  R&C  elements  in  the  Twin-T  network  were  very  close 
to  the  nominal  values • Visual  examination  revealed  slight  evidence  of 
physical  damage  (cracking)  in  the  lower  corner  of  the  R2  resistive  film. 

Minor  changes  in  resistance  which  are  undetectable  because  the  initial 
values  of  the  components  are  unknown.  This  could  result  in  a failure  mode 
of  this  type. 

Electrical  measurements  of  the  R and  C elements  in  the  Twin-T  network  of 
device  SN243,  revealed  R3  had  a higher  resistance  value  (R3  = l6.3k.fl) 
than  typically  noted.  A resistor  was  placed  in  parallel  with  R3»  decreasing 
the  value  of  R3  in  the  Twin-T  network  to  approximately  15.5k.n-.  This  allowed 
the  oscillator  to  function  properly.  Visual  examination  of  R3  did  not  reveal 
any  defects. 

CONCLUSION 

Electrical  measurements  verified  3 of  the  5 TAB  hybrid  microcircuit  oscillators 
failed  due  to  excessive  period  drifts  and  2 of  5 TAB  hybrid  microcircuit 
oscillators  failed  because  the  output  was  latched  up  at  -12.4Vdc. 

The  excessive  period  drift  of  devices  SN51  and  SN6l  was  due  to  cracks  in  the 
thick  film  resistive  elements  of  R1  and/or  R2.  Device  SN71  failed  due  to  an 
open  resistor,  R2.  Visual  examination  revealed  cracks  in  the  thick  film 
elements  of  R1  and  R2.  Devices  SN51,  SN6l  and  SN71  were  encapsulated  with 
epoxy  only. 

The  period  drift  which  device  SN41  exhibited  was  apparently  due  to  minor 
drift  in  the  R and/or  C elements  of  the  Twin-T  network.  These  minor  drifts 
are  undetectable  as  the  initial  component  values  Were  unknown.  Minor  drifts 
in  the  R and/or  C elements  of  the  Twin-T  network  within  their  specified  tol- 
erances would  cause  this  type  of  failure. 

Device  SN243  failed  due  to  R3  increasing  in  resistance.  R3  was  16. 3k^ whereas 
it  typically  measures  approximately  15.5kA  . No  visual  defects  were  noted 
in  R3. 
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Photo  of  Unit  #51 
Magnification  16X 

The  arrows  on  this  photo  show  the  extent  of 
cracking. 

Note  the  damage  is  predominantly  associated  with  the 
film  resistor  R2  located  to  the  right  of  the  photo. 
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COEFFICIENT  OF  SKEWNESS  = -1,21487 


XBRR  + 1 SI OMR 

48,0412 

XBRR  - 1 S I OMR 

35,7708 

XBRR  + 2 SI OMR 

51 , 1737 

XBRR  - 2 SI OMR 

30 , 8437 

XBRR  + 3 SI OMR 

58 , 3088 

XBRR  - 3 SI OMR 

25,5112 

1 4 , 57000 

37, 33000 

40 , 82000 

42 . 54000 

44.  7,2000 

21 , 24000 

37, 52000 

40 . 87000 

42 , 80000 

44 , 78000 

28 , 8 1 000 

37. 58000 

40, 70000 

42 , 80000 

44 , 78000 

88 , 89000 

37 , 7:3000 

40 , 70000 

42.81800 

45,20000 

30, 78000 

37, 98000 

40.73000 

42,82000 

45, 27000 

30 , 35000 

38, 07000 

40, 73000 

42,75000 

45, 30000 

31 , 09000 

38, 15000 

40. 70000 

42 , 85000 

45, 34000 

3 1 , 58000 

38 , 38000 

40, 83000 

48,91000 

45, 37000 

38 , 1 8000 

38 , 59000 

40. 85000 

42, 93000 

45 , 9300O 

38 , 80000 

38 , 8 1 000 

40. 92000 

42, 98000 

48,21000 

38 , 44000 

38 . 88000 

40.92000 

43, 1 1000 

48, 22000 

38 , 58000 

38, 89000 

40.92000 

43, 12000 

48,83800 

33,71000 

38, 98000 

4 1 . 00000 

43, 20000 

48,23000 

34 , 08000 

39 , 00000 

4 1 , 09000 

43, 41O00 

48, 2800O 

34, 17000 

39, 08000 

4 1 , 1 3000 

43, 45000 

48, 30000 

34, 19000 

39, 03000 

4 1 . 2 1 000 

43.51000 

48, 95000 

34 , 87000 

39, 04000 

41.44000 

43,53000 

48, 99000 

34 , 98000 

39, 11000 

41.48000 

43 , 55000 

47,09000 

35 , 1 0000 

39, 24000 

4 1 , 49000 

43,57000 

47 , 82000 

35,38000 

39, 44000 

41,53000 

43,58000 

47,38080 

35 . 75000 

:39.  47000 

4 1 , 84000 

43,71000 

47, 38000 

35 , 79000 

39, 48000 

4 1 . 87000 

43,78000 

47,40000 

35 , 8 1 000 

39 , 48000 

4 1 , 88000 

43, 77000 

47,85000 

35 , 98000 

39 , 88000 

41,7 l 000 

43.85000 

47. 93000 

38, 14000 

39, 88000 

4 1 , 79000 

43, 98000 

48 , 38000 

38- 17000 

39, 72000 

4 1 , 80000 

44,07000 

48,81000 

38 , 35000 

39,78000 

4 1 , 97000 

44. 13000 

48 , 99000 

38 , 48000 

39, 88000 

42, 13000 

44, 15000 

49 , 23000 

38 , 58000 

40, 01000 

48, 14000 

44,81000 

49, 32O00 

38, 89000 

40, 10000 

42, 18000 

44,31000 

49, 320O0 

38,91000 

40, 18000 

42, 17000 

44, 32000 

49, 340O0 

38 , 94000 

40, 82000 

48,23000 

44,34000 

49 , 62000 

37 , 0 1 000 

40, 27000 

48,24000 

44 , 82000 

50. 12000 

37, 89000 

40, 37000 

42, 40000 

44,84000 

5 1 , 8 1 000 

37, 38000 

40, 50000 

42,43000 

44 , 70000 

v>-> 
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4MTIHE  GRAPH  INTERUAI.  11.0 

^^kfine  lower  graph  limit  it 4,0 

TiEFINE  UPPER  GRAPH  LIMIT  153,0 


DATA  AND  HISTOQRAM. . . 
25  C to  -30  C ppm/  C 
(continued) 


14.0000  - 15.0000  t X 

15.0000  - 16.0000  0 

1(5,0000  - 17.0000  0 

17.0000  - 10,0000  0 

10.0000  ~ 19,0000  0 

19. 0000  — i-'0 , 0000  0 

00 . 0000  - 0 1 , 0000  0 

01.0000  - 00,0000  1 X 

00,0000  - 03,0000  0 

03 . 0000  — 04 , 0000  0 

04.0000  ~ 05,0000  0 > 

05 . 0000  — 0(5 , 0000  0 

0(5 , 0000  — 07 , 0000  0 

0 7 . 0000  — 00 . 0000  0 

00,0000  - 09,0000  0 XX 

09.0000  - 30,0000  0 

30.0000  - 31.0000  0 XX 

31.0000  - 30.0000  0 XX 

30.0000  - 33,0000  4 XXXX 

33.0000  - 34,0000  1 X 

34.0000  - 35,0000  5 XXXXX 

35.0000  - 36 , 0000  6 XXXXXX 

36.0000  - 37.0000  3 XXXXXXXX 

37.0000  - 38,0000  3 XXXXXXXX 

38.0000  - 39.0000  3 XXXXXXXX 

39.0000  - 40,0000  15  XXXXXXXXXXXXXXX 

40.0000  - 41.0000  19  XXXXXXXXXXXXXXXXXXX 

41.0000  - 43.0000  15  XXXXXXXXXXXXXXX 

48.0000  - 43.0000  18  XXXXXXXXXXXXXXXXXX 

43-0000  - 44,0000  15  XXXXXXXXXXXXXXX 

44.0000  - 45,0000  13  XXXXXXXXXXXXX 

45.0000  - 46,0000  6 XXXXXX 

46.0000  - 47,0000  3 XXXXXXXX 

47.0000  - 43.0000  7 XXXXXXX 

48.0000  - 49,0000  3 XXX 

49.0000  - 50,0000  5 XXXXX 

50.0000  - 51,0000  1 X 

51.0000  - 58,0000  1 X 

58 . 0000  — 53  - 0000  0 

0 UAIJJEfS?  BELOW  LOWER  LIMIT 
0 UAIJJEIS!  ABOUE  UPPER  LIMIT 


riFFTME  GRAPH  IMTERUAL  (0 


1 


'TENS 


fi 


: 

1 


■ 


MR  AH  ~ 40- 

00060 

DATA  AND  HISTOGRAM  OF  THE  TEMPERAT1RE 

7 , TlFU . - 6 

4 1 5ftft 

COEFFICIENT  OF  THE  FFRICD  BETWEEN 

25  C to  -50  C ppm/  C 

OlFRFTCIFNT  OF 

SKFWHFJSS  ~ 

- 1 , 10859 

BOR  + t ft  T OMR 

40,  5149 

KEFIR  - 1 SIGMA 

BAR  + ft  SIGMA 

58-  OftOiR 

XBflP  - £ SIGMA 

■ 1 ■' 

BOP  + ft  ftlOMfl 

50, 3455 

XBAR  - 3 SIGMA 

£0 , 

1 t , ftftOOO 

36 , 830001 

39 , 04000 

4 1 , 9300101 

4 , 460001 

1 ft  04000 

36 , 95000 

39.04000 

4 1 , 9501010 

44,  730001 

1 ft , R6000 

30 , 98OiOi0 

39 . 360001 

48 . 1 0000 

44 , 85000 

83, ft 0000 

37 , 07000 

39 , 5 1 000 

48, 1 1000 

45 , 800100 

ft ft , 00000 

37 . 018000 

39,  0.0.0100 

48, 19000 

45 , S0Oi0Oi 

ft'7 , ft  1. 000 

37, 140001 

39 , 00.000 

48,80000 

45 , 85060 

ftft , ft 01000 

37,  800010 

39, 71000 

48,84000 

45,85000 

ftft . 05000 

37 , R 1 000 

39 , 80000 

48,880001 

45 , 400011.1 

30, R6000 

37. 37000 

39, 93000 

48 , 37000 

4 5 , 58000 

ft t - 6 1 000 

37,  390OlOi 

39 , 930100 

48 , 53000 

45, 610010 

ft  t , 0,0000 

37.  4300(0 

40 . 34000 

48,00000 

45,75000 

ftft  . 4 1.  000 

37, 50000 

40-40000 

48 , 801000 

45 , 87 000 

ftft,  070100 

37. 00000 

40 , 5 1 0OH1 

48 , 88000 

45,  960100 

ftft . 0R000 

37,  880100 

40 , 58000 

48, 940001 

40. , 03000 

ftft  ft  0,000 

37,03000 

40 , 50:0010 

48. 990100 

46 , 79000 

ftft . 60000 

37.04000 

40 , 58000 

4 3 , 1 1 000 

47, 360010 

ftft . 880010 

38, 00000 

40 , 6 1 000 

43,87000 

47, 55000 

ftft. 88000 

38, 07000 

40 , 04000 

43, 87000 

47, 0,800.10 

ft4.  100001 

38 , 080010 

40, 740010 

43,88000 

47, 6*000 

34 , RO000 

38, 13000 

40, 77000 

43 , 0:0000 

4 7 . 800100 

ft4, ft7000 

38, ££000 

40 , 0:3000 

43, 40000 

47, 89000 

ft 4 , 38000 

38 , £70Oi0i 

40. 87000 

43, 58000 

48 , 0 1 00Oi 

34  - 7 ft 0001 

38 , 4 1 0010 

4 1 , 0 1 0100 

43, 08000 

4 0: , 0180010 

ft 5 . Rft000 

38.  470100 

4 1 . 09000 

43 , 730010 

48, 00.000 

ft5.  ft  1 0001 

38 , 490010 

4 1 , 40OiOi0 

44,00000 

4 8 , 850001 

35 , 3R000 

38 , 50000 

4 1 , 470010 

44 , 00000 

48, 87000 

35 , 0,8000 

38 , 0900101 

41 , 51000 

44 , 017000 

48. 30000 

35,93000 

38 , 69000 

4 1 , 0.80100 

44 , 0O:0GiOi 

4 ft, 1 8000 

36  - RR00Oi 

38,  780100 

4 1 , 780001 

44 , 080010 

50 , 7 1 000 

30, . R6000 

38.  700100 

4 1 , 800100 

44, 16000 

5 1 , 48000 

30, . 38000 

38,81000 

4 1 , 8800)01 

44, 19000 

55, 14000 

36 . 3500O 

38 , 9 1 000 

4 1 , 850010 

44,88000 

0,5-  88Oi0Oi 

30 . 400001 

38, 98000 

4 1 , 88000 

44 , 88000 

30 . 48000 

39 , 000001 

4 1 , 9 1 00Oi 

44,30000 

30. . 70000 

39 , Oi000Oi 

41 , 91000 

44,38000 

18 
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:agf^W  GRRPH  INTERURL  '1,0 
iJ^FINE  LOWER  GRAPH  LIMIT  '11,0 
■'^REFINE  UPPER  GRAPH  LIMIT  !66.0 


DATA  AND  fUSTOGHfefi; 
25  C to  -50  C pp«/ C 

(oontlnued) 


1 1 , 0000 

- 

15,0000 

1 

X 

15,0000 

15,0000 

0 

15, 0000 

1 4 , 001001 

p 

XX 

14.0000 

15,0000 

0 

IS  0000 

16,0000 

0 

1 ft , 0000 

17,0000 

0 

1 7 . 0000 

- 

1ft. 0000 

0 

1ft  0000 

1ft, 0000 

0 

1 ft.'  0000 

- 

50 , 01000 

0 

50 . 0000 

- 

51,0000 

0 

5 1 . 0000 

- 

55 . 0101010 

0 

55. 0000 

- 

55,00001 

0 

ft ft , 0000 

- 

54.  01010101 

1 

X 

54  - 0000 

- 

55 , 0101010 

0 

55 . 00100 

5ft,  010001 

1 

V 

5ft . 010010 

57,  00100 

0 

57, 0000 

- 

Sft  , 001001 

1 

ft.ft  , 0000 

- 

5ft,  01000 

1 

x 

ft  ft  , 00100 

- 

50,0000 

1 

V 

A 

50. 0000 

- 

5 1 , 0000 

1 

x 

51 , 001001 

- 

55 . 0000 

£ 

XX 

55  - 000101 

- 

55 . 0000 

i- 

XX 

55, 00100 

- 

54 , 00010 

5 

xxxxx 

54 , 010100 

- 

55 , 0101010 

5 

xxxxx 

55 , 00001 

- 

5ft  , 0101010 

5 

xxxxx 

50..  0000 

- 

57,0000 

10 

xxxxxxxxxx 

57, 0000 

- 

5ft, 0000 

15 

xxxxxxxxxxxxx 

5ft. 0000 

- 

5ft  , 01000 

17 

xxxxxxxxxxxxxxx: 

5ft . 01000 

- 

40 , 010010 

IS 

xxxxxxxxxxxx 

40  - 01000 

4 1 , 000101 

IS 

xxxxxxxxxxxx 

4 1 , 01000 

- 

45,0000 

15 

xxxxxxxxxxxxxxx 

45.0000 

- 

45 , 0000 

15 

xxxxxxxxxxxxx 

45-  01010101 

44 , 00001 

ft 

xxxxxxxxx 

44 - 0000 

- 

45,0000 

14 

xxxxxxxxxxxxxx 

45  - 01000 

- 

4ft  . 00010 

10 

xxxxxxxxxx 

4ft  . 01000 

- 

47,  001010 

»- 

XX 

47 . 00100 

- 

4ft  , 0101001 

xxxxxx 

4ft , 0000 

- 

4ft. 0000 

xxxxxx 

4ft , 01000 

501 , 00100 

1 

X 

50  . 00001 

- 

51,0000 

1 

X 

Si.  .01000 

~ 

55.0000 

1 

X 

Sft,  01000 

- 

55.0000 

0 

S5.0000 

54 , 01000 

0 

54 , 00001 

- 

55.0000 

0 

55. 00001 

- 

56.0000 

1 

X 

5ft,  00001 

- 

57.0000 

0 

57 . 001001 

- 

5ft.  00100 

0 

5ft, 0000 

- 

Sft. 0000 

0 

5ft  . 00100 

60,0000 

0 

ft.0 . 01000 

- 

61,0000 

0 

At  . 01000 

65,0000 

0 

ftft.  01000 

- 

65,0000 

0 

Aft, 0000 

- 

64 , 0000 

0 

A4 . 0000 

65,0000 

0 

AS.  00001 

- 

AA , 0000 

1 

X 

Aft  . 01000 

“ 

67, 0000 

0 

0 URUJEISI  BELOW  LOWER  LIMIT 
0 URI.UEIfti  ARGUE  UPPER  LIMIT 


FERINE  GRAPH  INTERURL 


lS  «T.ST 


APPENDIX  F.  HISTOGRAMS  OF  VOLTAGE  SENSITIVITY  TEST 


£85  ITEMS 

MEAN  - -,00574 

ST,  OEU,  - ,00344 

COEFFICIENT  OF  SKEWNESS 


HISTOG*H#«t  VOL’^fE  SENS  IT  IV  ITT 
(-23.5  Vdc  t#  -30  Vdo) 

(period  change  In  10““  seconds) 

, ££740 


XBAR  + 

t SI OMR 

- , 00£3 

KERR  - 1 SIGMA 

- . 0093 

XBAR  + 

£ ST OMR 

,0011 

::brr  - £ SIGMR 

- , 0 I £4 

XBAR  + 

3 SIGMR 

, O044 

X BAR  - 3 SIGMA 

-,0141 

-.01 300 

- , 00900 

- . 00450 

-, 00470 

- , 00300 

-- 01£4O 

- . 00900 

- , 00450 

- , 00440 

- , 08380 

-, 0!£40 

- . 00330 

- , 00430 

-, 00430 

- , O0380 

- , 0 1 ££0 

- . 00370 

004£0 

00430 

- , 00370 

-.01 ££0 

- . 00370 

- , 00430 

- , 00430 

-, 00340 

-,0t£10 

- , 00350 

-,00410 

- , 00430 

-, O0350 

— , 0 1 140 

- , 0O340 

- , 00400 

-. 00430 

- , 00350 

-.01 140 

- , 00340 

- , 00400 

-, 00430 

-, 00340 

-.01 150 

- , O0330 

- , 00400 

- , 004 1 0 

-, 00340 

-.01 140 

- . 008£0 

- , 00590 

- , 004 1 0 

-.00340 

— , 0 1 130 

- , 008 1 0 

- , 00580 

-,00410 

- , 0034G 

-, 01 1 10 

- , 00790 

- , 00580 

- , 004 1 0 

-.00340 

01 100 

-.00790 

- , 00580 

-, 00410 

- , 00340 

- , 01 030 

- , 00730 

- , 00580 

- , 00390 

00330 

-, 01070 

- , 00780 

- , 00570 

- . 00390 

- , 00330 

-.01 040 

1 - , 00770 

— , 00570 

- . 00380 

- , 00330 

-,01040 

- , 00770 

- , 00540 

-,00330 

- , 00 1 90 

- , 0 1 040 

- , 00750 

- , 00540 

-, 00330 

- , 00 1 90 

“,0t  030 

- . 00750 

- , 00550 

- , 08370 

-, 00190 

-.01010 

- , 00750 

- , 00550 

- , 00370 

-.00150 

-.01010 

- , 00740 

- , 00550 

003 70 

- , 00 1 30 

-.01000 

- , 00730 

-.00550 

~ , 00360 

-.00130 

- , 01,  000 

- , 00730 

- , 00550 

-.00340 

-.00130 

- . 00900 

-.00710 

- , 00540 

00360 

-,001 10 

- . 00330 

-.00710 

- , 00530 

- . 00360 

- , 00090 

- , 00930 

- , 00490 

-.00530 

-, 00350 

- , 00080 

- , 00970 

- , 00430 

-.00510 

-.00350 

, 00010 

- , 00940 

- , 00480 

- . 00500 

- , 80350 

, 00030 

- . 00950 

- , 00480 

- , 00500 

- , 00350 

, 00030 

- , 00940 

- , 00470 

- - 00490 

- , 00340 

„ 00030 

- , 00930 

- . 00470 

' - , 00490 

- , 00340 

, 00 1 1 0 

- , 00930 

~ „ 00670 

- , 00490 

- , 00330 

, 00 1 40 

- . 00930 

- , 00450 

- , 00480 

- , 00330 

, 00 1 40 

- , 00930 

— , 00450 

- , 00480 

- , 00330 

, 00340 

- . 00910 

- , 00450 

-.00480 

-, 00330 

, 00770 

DEFINE  GRAPH 

INTERNAL 

! , 003 

BEE  THE  LOWER 

GRAPH  LIMIT 

! - , 0 1 S3 

BEE THE  UPPER 

GRAPH  LIMIT 

! , 008 

-.0133 

- 

-.0113 

1 1 

XXXXXXXXXXX 

- _fi(  tp 

- 

-.0098 

30 

XXXXXXXXXXXXXXXXKXXX 

- - 0098 

- 

- , 0078 

£7 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

- - 0078 

-.0053 

38 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx:;:* 

-.0058 

- 

- . 0033 

44 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx:-.:-- 

-.0038 

- 

-.0013 

S3 

xxxxxxxxxxxxxxxxxxxxxxx 

-.0013 

- 

, 0008 

"7 

xxxxxxx 

.0003 

- 

.0038 

4 

xxxx 

.0088 

- 

. 0048 

0 

.0048 

- 

. 0048 

0 

.0048 

- 

. 0088 

1 

X 

0 "A»  WEIS'  BELOW  LOWER  LIMIT 
0 ORKNEYS!  RROUE  UPPER  LIMIT 
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«*^75  I TEMS* 

MEAN  - 

00944  HISTOGRAM  (F  VOLTAGE  SENSITIVITY 

ST,  DELL  “ 

00335  (-23.5  Vdc  to  -17.0  Vdc) 

COEFFICIENT  OF 

XBAR  + t SIGMA 

(period  change  in  10"? 

SKEWNESS  -.33301 

, 0137  XBAR 

seconds) 

- 1 SIGMA 

. O063 

XBAR  + 3 SIGMA 

,0159 

XBAR 

-SSI GMA 

, 0039 

XBAR  + 3 SIGMA 

,0193 

XBAR 

- 3 SIGMA 

- , 0003 

- . 00470 

, 00080 

, 00870 

, 01060 

,01850 

, 00040 

, 00080 

. 00880 

,01070 

,01850 

. 00070 

, 00700 

. 0O890 

,01070 

,01350 

, 001 10 

, 00700 

. 00890 

, 0 1 070 

, 0 1 860 

. 00330 

. 00710 

, 009 1 0 

,01030 

, 0 1 860 

, 00300 

, 007 1 0 

, 00930 

, 0 1 080 

,01860 

, 00350 

, 00730 

, 00980 

, 0 1 080 

,01870 

. 00350 

, 00730 

, 00980 

, 0 1 080 

,01370 

. 003G0 

, 00730 

, 00930 

, 01080 

,01870 

. 00370 

, 00740 

, 00940 

, 0 1 090 

,01380 

, 004  t 0 

, 00750 

, 00940 

, 0 1 090 

,01880 

, 00400 

, 00750 

, 00950 

.01100 

,01890 

. 00490 

, 00760 

, 00950 

, 0 1 1 00 

,01890 

, 00530 

, 00770 

, 00960 

,01 100 

, 01300 

, 00530 

, 00700 

, 0099O 

.01100 

, 0 1 300 

, 00540 

, 00730 

, 00990 

,01 180 

, 0 1 3 1 0 

. 00500 

. 00790 

, 00990 

,01180 

, 01380 

. 00570 

. 00790 

, 0 1 000 

,01130 

,01380 

, 005.70 

, 00800 

, 0 1 000 

,01130 

, 0 1 340 

, 005S0 

, 008 1 0 

, 0 1 0 1 0 

,01130 

,81350 

. 00590 

, 00880 

,01080 

,01150 

,01350 

, 00590 

, 00840 

, 0 1 080 

,01 160 

, 0 1 360 

. 00590 

, 00840 

, 0 1 080 

, 01 160 

, 0 1 370 

, 00000 

, 00840 

, 0 1 030 

, 0 1 1 70 

, 01380 

,00010 

, 00840 

, 01030 

,01170 

,01380 

, 000 1 0 

. 00840 

, 0 1 030 

, 01 180 

. 0 1 390 

, 00030 

, 00340 

, 0 1 040 

, 0 1 1 90 

,01480 

. 00040 

, 00850 

, 0 1 040 

,01 190 

,01438 

. 00040 

, 00850 

, 0 1 050 

, 0 1 800 

,01440 

, 00040 

, 00850 

, 0 1 060 

,01810 

,01440 

. 00040 

. 00350 

. 0 1 060 

,01880 

,01460 

, 00040 

- 00860 

, 0 1 060 

, 01830 

,01470 

, 00040 

, 00860 

. 0 1 060 

,01830 

,01480 

, 00000 

, 00860 

, 0 1 060 

, 01840 

,01480 

, 00070 

, 00870 

, 0 1 060 

, 0 1 840 

, 0 1 490 

DEFINE  GRAPH  INTERNAL  1 , 001? 
DEFINE  LONER  GRAPH  LIMIT  !-,005 
DEFINE  UPPER  GRAPH  LIMIT  !,015 


- . 0050 

- 

- , 0030 

1 

i\ 

- , 0030 

- 

- , 00 1 0 

0 

- - 00 1 0 

- 

, 00 1 0 

p 

XX 

,0010 

- 

, 0030 

XXX 

, 0030 

- 

, 0050 

7* 

xxxxxxx 

,0050 

- 

, 0070 

24 

xxxxxxxxxxxxxxxxxxxxxxxx 

.0070 

- 

, 0090 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

,0090 

- 

,0110 

42 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

,0110 

- 

. 0130 

•J  < 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

,0130 

- 

,0150 

88 

xxxxxxxxxxxxxxxxxxxxxx 

.0150 

- 

,0170 

0 

i 


I 

I 


O UALUE ( S I 
A UALUE (SI 


BELOW  LONER  LIMIT 
ABOUF  UPPER  LIMIT 


a? 


am** 
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APPENDIX  G.  FAILURE  ANALYSIS  REPORT  ON  TEMPERATURE 
CYCLE  AND  HIGH  TEMPERATURE  STORAGE  FAILURES 


Honeywell 


DEFENSE  SYSTEMS  DIVISION 


FAILURE  ANALYSIS  LAB 
FAILURE  ANALYSIS  REPORT 
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Ad  Hybrid  drawing/part  number 

Microcircuit  Oscillator  11726313 
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ALFUNCTION/F&A  REPORT  NUMBER  REPORT  NUMBER 

___ 69296 


IGENERIC  PART/NUMBER 


MANUFACTURER 


1.  BACKGROUND 

BACKGROUND 


Honeywell  DSD 


2.  ANALYSIS  PROCEDURE 


3.  CONCLUSIONS 


4.  RECOMMENDATIONS 
(OPTIONAL) 


S.  EQUIPMENT  USED 
(OPTIONAL) 


Four  Tape  Automatic  Bonded  (TAB)  hybrid  microcircuit  oscillators  were  submitted 
for  failure  analysis.  Three  of  the  TAB  hybrid  microcircuit  oscillators  ex- 
hibited excessive  period  (T ) drift  during  temperature  cycles  testing  (-55°C 
to  +125°C),  and  one  TAB  hybrid  microcircuit  oscillator  exhibited  excessive 

?eriod  drift  during  high  temperature  storage  testing  (+125°C  for  500  hours). 

he  TAB  hybrid  microcircuit  oscillators  were  inadvertently  placed  in  the 
temperature  cycle  test  where  the  extreme  temperatures  were  +125°C  and  -55°C. 
Specification  requirements,  HDL  Dwg  11726813,  are  +71°C  to  -55°C.  Subsequent 
temperature  cycle  testing  of  an  additional  25  TAB  hybrid  microcircuit  oscilla- 
tors with  +71  C and  -55°C  as  the  extreme  temperature  limits  did  not  reveal 
any  failures.  The  22  TAB  hybrid  microcircuit  oscillators  which  passed  the 
+125  C to  -55°C  temperature  cycle  test  were  exposed  to  an  additional  8 tem- 
perature cycles  and  no  other  failures  were  noted. 

ANALYSIS 

The  TAB  hybrid  microcircuit  oscillator  period  drifts  are  shown  in  Table  I. 

TABLE  I 

PERIOD  DRIFTS  DURING  ENVIRONMENTAL  TESTING 


SERIAL 

NUMBER 


T 

INITIAL 
10“®  sec) 

T 

POST  ENVIRONMENT 
(10“®  sec) 

(10“6  sec) 

ENVIRONMENTAL 

TEST 

99.2337 

99.8(554 

.6317 

Temperature  Cycle 

97.0150 

98.6575 

1.6425 

Temperature  Cycle 

98.5339 

100.8904 

2.3565 

Temperature  Cycle 

98.5515 

99.0540 

.5025 

High  Temperature 
Storage 

The  allowable  period  drift  during  temperature  cycle  and  high  temperature 
storage  tests  is  ±250  x 10**“  seconds.  Electrical  measurements  revealed 
typical  supply  currents  ranging  from  1*76  mAdc  to  1.96  mAdc. 

All  oscillator  failures  exhibited  the  same  failure  mechanism.  Visual  exam- 
ination subsequent  to  decapsulation  revealed  lifted  and  fractured  thick  film 
dielectric  and  resistive  film  in  Rl.  The  cracking  and  flaking  of  the  resis- 
tive film  occurred  at  and/or  near  the  termination  (low  fire  silver  thick  film 
conductor)  which  goes  to  the  amplifier  output.  The  epoxy  was  removed  mechan- 
ically. Lifting  the  silicone  barrier  layer  over  Rl  revealed  the  thick  film 
dielectric  and  thick  film  resistive  element  were  not  properly  adhering  to  the 
substrate.  Reference  Photograph  1 and  2.  A discrete  resistor  (33.982k-0- ) 
was  substituted  for  Rl  to  verify  that  all  period  drifts  were  caused  by  Rl 
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increasing  in  value  due  to  microfractures  in  the  resistive  film.  Table  II 
shows  the  initial  period  and  the  period  after  substituting  the  discrete 
resistor  on  the  hybrid  microcircuit  oscillator  substrate. 

TABLE  II 

PERIOD  MEASUREMENTS  AFTER  SUBSTITUTING 
A DISCRETE  RESISTOR  FOR  R1 


SERIAL 

NUMBER 

■KcSESSI 

"T 

POST  SUBSTITUTION  OF  Rl 
. (10~6  sec) 

3 

99.2337 

99.2950 

14 

97.0150 

97.1160 

29 

98.5339 

98.6353 

86 

98.5515 

98.7766 

Electrical  measurements  after  substitution  of  the  discrete  resistor  for  R1 
verified  all  period  drifts  resulted  from  R1  increasing  in  value.  The  exact 
cause  of  the  lifted  and  fractured  thick  film  dielectric  and  resistive  film 
is  unknown.  However,  it  was  apparent  that  the  failure  mechanism  was  sus- 
ceptible to  an  excessive  thermal  gradient. 

CONCLUSION 


Four  TAB  hybrid  microcircuit  oscillators  failed  due  to  excessive  period 
drifts  during  temperature  cycle  and  high  temperature  storage  tests.  The 
excessive  period  drift  resulted  from  Rl,  one  of  the  34k-ft resistors  in  the 
Twin-T  network  increasing  in  value.  Visual  examination  revealed  lifted  and 
fractured  thick  film  dielectric  and  resistive  film.  The  cause  of  the  failure 
mechanism  is  unknown. 
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Photo  #1  (Unit  #86) 


Magnification  18.5X 

(A)  shows  silicone  barrier  layer  held  auay  from 
substrate  by  (yellow)  tape. 

(B)  shows  area  where  resistive  film  was  removed 
from  Rl. 

(C)  shows  a portion  of  the  resistive  film  attached 
to  the  silicone  barrier  layer. 
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Magnification  7.5X 

(D)  shows  the  resistive  film  and  metal  track 
missing  from  substrate. 


Reoort  Number  69296 


Photo  #2  (Unit  #1LQ 


(E)  shows  area  where  metal  track  is  missing  from 
substrate. 
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